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BSTRA T (o
A TRAC J\*,,

. _ lf\w,-y ;
Diluted beet molasses (g 35%&

“was decoTourised'
- by ultraf11trat1on and act1vated carbon, Whrch removed 65.7 and
27 5% of the or1g1na1 colour respect1ve1y Approx1mate1y 55%

of the or1g1na1 sugar content was 1ost dur1ng u]traf11trat1on and

'ﬁ6 0% dur1ng the act1vated carbon treatment. The resu1t1ng 11ght-

'brown solut1on was further purified w1th ion exchange resins where o
C

' ~40 8% of the or1g1na1 ash content and 4% co]our were removed

.

Comp]ete hydro]ys1s of sucrose in the purified: solution was
:obta1ned w1th a strong cat1on exchanger in the H form.: Sugar ]oss
“of 10.5% occurred dur1ng the hydro]ys1s Part1a1 separat1on of
»'fructose from g]ucose in the hydro}ysate was performed w1th a
'ca}c1um-charged 1on exchange resin, g1v1ng a. 7eso]ut1;n of 0 57

. The. g]ucose fract1on was 1soﬁer1sed us1ng a strong base (OH form) -
o an1on exchange res1n The 1somerlsat1on rat1o obta1ned was 63 7%.

‘fThe f1na1 product a m1xture of fructose fract1on from the _1.<-5

'vseparat1on process and the'souer1sed product conta1ned 66% fructose

,by we1ght of total sugar, It had a c]ear 11ght ye1low co1our sweet |

taste w1th s11ght 'sour after-taste and a s]1ghﬁ res1dua1 beet 3
mo]asses odour The tota] so]1ds content of the product was 3 25%

_-thus concentrat1on was requ1red to convert it to h1gh fructose syrup

e
N N
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1.'-INTRODUCT oN -

Moﬂasses 15 the end product of the sugar extract1on -
-

‘ 'process where no add1t1ona1 sugar can be e onomtca]]y recovered by :

'd1rect crystalllsat1on (McG1nn1sg 1951) -T e word molasses is used
"to descr1be .the res1dua1 syrup or mother 11quor 1eft after the |
extract1on of sucrose from the Ju1ces of sugar cane sugar beets :

' and other sucrose-conta1n1ng mater1als (Ke]]er 1967) The mo]assesv
"‘used in this research was 'f1na1 beet mo]asses ,» @ V1scous 11qu1d
.lobtalned after three success1ve sugar crysta111sat1ons (F1gure'l) :

v Ca]lforn1a beet mo]asses conta1ns sucrose and raff1nose,'
7jbut pract1ca1]y no - 1nvert sugar (g]ucose and fructose) However,:"

f;A1berta beet mo]asses conta1ns s1gn1f1cant amount of fructose The

- typlcal compos1t1ons of f1na1 beet and cane mo]asses are shown in

.;Tab1e l : _;;pr '. ‘.h B ,:‘f. o f o 153;“ |
Accord1ng to Kel]er (1967) the degree of exhaustlon of

.tsucrose in sugar manufactur1ng process is related to reduc1ng
-3.sugar content in mother 11quor H1gher amounts of reduc1ng sugar
(:1n overa11 sugar concentrat1on w111 exhaust sucrose from the '
svmother 11quor more comp]ete]y Th1s exp1a1ns the 1ower sucrose 'f
__cOntent 1n cane mo1asses w1th h1gher concentratlon of 1nvert sugars,g
'ias compared to beet mo]asses :;Sﬁt},v-, “ |
S The greatest 1oss of sugar ina sugar factory operatlon
f_as that wh1ch goes to the res1dua1 end product of mo]asses Between

[

‘[12 to 18% of. the tota] sugar of beets 1s 'Iost' to the mo]asses

i i
a R ‘,:;/.",
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Many processes and’ patents ex1st on the commerc1a1 recovery of
‘sucrose from beet molasses. Some of the processes 1nc1ude ~the
'Steffan Process, whereby sucrose 1is- prec1ptated by calcium ox1de
as tr1ca1c1um saccharate in an 1nso]ub1e granu]ar form (MCGIHH]S,
1951); the Barlum Saccharate Process whereby sucrose is prec1p1tated
as barlum saccharate (McG]nn1s, 1951), and the F1nnsugar Pfe1fer :
and Langen Mo]asses Desugarisation Process whereby d11uted |
molasses. 1s separated into sugar and non«sugar fract1ons by 1on
.exclus1on w1th an organ1c cat10n1c resin (Hong1sto 1977)

| Beet mo]asses is used as a catt]e feed supp]ement‘
~usually m1xed with dried pu]p or beet tops and for the productlon'
of alcohol, citric acid, yeast and monosodlum g]utamate (a flavourrv
accentuator) Beet mo]asses is a]so an- 1mportant source of many
b10chem1cals (McG1nn1s, 1951). N

For the 1981 - 82 A]berta beet crop, the proaected
‘ productlon of f1na1 beet mo]asses is about. 30, 000 tons/ (G]obe and
E Ma11 October 27th 1981) In. A]berta f1na1 beet mo]asses 1s used
for 11vestock feed1ng only. There s no further process1ng of thls
molasses | o
In the product1on of anlma] feed, the f1na1 beet

;mo]asses is d11uted to. about 40° Br1x and sprayed onto the part1a11y
- dried pulp. The pulp is then dr1ed and pe]]et1sed Feed product1on
hdoes not utlllse a s1gn1f1cant portion of the mo]asses produced |
rJapan who is. the maJor 1mporter of A]berta beet by~ products only

| llmports’the dried beet pulp. Much‘of«the mo]asses produced is

14
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‘stored in bu]k storage tanks. There appears, therefore, to be
‘def1n1te need to deve]op a]ternate commerc1a11y viable processes
vto utilise this sucrose ~rich SUrplus molasses. Th1s study was
L1n1t1ated to study a process in wh1ch the mo1asses may be converted

- to- h1gh fructose syrup wh1ch 1s a va]uab]e form of sweetener for \

human foods . N
j

In 1976§ the wor]d—wide‘consumption of sucrose came to

'.near1y 81 million metric tons. Sweeteners are receiving increasing

/ <

~‘attentwn for ma y reasons, 1nc1ud1ng wor]d shortage h1gh pr1ces,
nutr1t1ona1 con erns, and consumer act1v1sm aga1n t h1gh usage of

ref1ned sugar F]uctuat1ng sugar pr1ces, the inc eaS1ng product1on

costs oftsuga‘ product1on and the 1ncreas1ng de and for sugar as .

.standards of 11v1ng in poorer countr1es r1se, 'oup1ed With. shortage
:of pr1me agr1cu1tura1 1and for sugar cane and sugar beet cu1t1vat1on,,
‘ have forced the sweetener 1ndustry to Took for a1ternat1ve sweeteners.
Sweetener made from starch (dextrose and dextrose
yxsyrups) have been on. the market for many years, but, ‘due to
‘.the1r relat1ve1y 1ow degree of sweetness ( a max1mum of 0 7
~times the sweetness of sucrose) the1r use was restr1cted to - ' ?
certa1n app11cat1ons where sweetenlng power was not the pr1me |
-cons1derat1on o . V

H1gh fructose syrup (HFS) is a commerc1a1 rea11ty and

_competes favourab1y w1th sucrose 1in magor food app11cat1ons | : o

 (Gramera, 1978) Increased fructose content results: in o

S



increased sweetness of the resulting syrup and a]so'a
reduction in the crysta]lisatiouyprobfem since fructose does .
not crystaT1ise as readf]y as dextrose. It is predjcted that
by the-1980's the United States wi11 prodice 6.5'hi1%ion
pounds of.HFS' consisting of product‘varietieSIWith a. fructose
content rangrng from 42 to 90% (Gramera 1978)
| HFS also known as 1so—syrup, can be used in
”.practica11y‘every food in which a 11qu1d:sucrose or 1nvert‘.
syrup is now emp]oyed ‘It was first~introduced"into the u.s.

in 1967 on a sma]l sca]e w1tht1ts acceptance by the food

Lwrmarkets, ltS consumptlon rose rap1d1y

) The beverage 1ndustry is current]y the Targest user -
of HFS However other’s ectors of the food 1ndustry (eg. bakery

,;and dalry) are mak1ng 1ncreased use of thls product One of .

the maJor reasons for'this is: that the product is sweeter and

product10n costs are compet1t1ve w1th sucrose Examp]es of the

.uses. of HFS<1nc1ude preserves and marma]ades, powdered beverage'

E m1xes, sweets and confectlons frozen products bakery products, .

1ce cream, tab]e -top sweeteners and cake mixes. Hence, the:
idpotentlal uses for fructose, whether in 11qu1d or powder are
v 1rtua11y 11m1t1ess The advantages of HFS are: higher sweetness
: (usefu] for diet formu]atlons) h1gh fermentab111ty, 1ow
v1scosTty, c1ean non-masklng taste, reduced tendency to S
.,crysta]11se compared to dextrose or sucrose (Merme]ste1n 1975)

- Fructose 1s more read11y to1erated by d1abet1cs than is sucrose



.
/

(SchWimner 19815 Some of the disadvantages'are‘high | (///
hygroscop1c1ty and 1n high protein foods, an, excess1ve1y dar

- colour may deve]op from the reaction between reducing sugdrs

/
)

and nitrogen compounds when the food is heated to hlgh/

temperature (Mermelste1n 1975) Honey and fresh/f/u1t Ju1ce§

/
/

‘are eas11y subJected to HFS adu1terat10n Also fructose/

alleged]y may contribute to heart dvsease (Schwimmer, 681 ' -
' | H1gh fructose syrups has genera]]y been marketed with
the fo]]ow1ng comp051t1o///fructose 42%, g]ucose/SO - 55%,
other sugars (lower/GT/éosacchar1des) 3 - 8% and dry matter
70 - 7{///A present there are three types of HFS on the
////mark//’ nare]y 42, 55, and 90%. syrups The percentage indicates

the amount of fructose in the total sol1ds of these products.
Enr1chment processes, 1nv01V1ng separat1on and recomb1nat1on, ;
are emp]oyed in the produot1on of syrups wlth fructose content
_ greater th/anZ%. | | | o _ |
//;//ff  There areAmany&SOurcesiof raw mat riajs or starting
_“materials for making HFSo e.g. corn, rice{%potato wheat,
_cassaYa (manloc), and even sucrose. The most common raw
| :mater1a1 currently used for the manufacture of HFS is corn
starch from the corn’ wet m1111ng 1ndustry The term corn
rsyrup s1mpﬂy means that the syrup was made from corn 'starch
5_as-the or1glna1 start1ng_mater1a] Hence HFCS is an HFS made
~from corn starch. HFCS 1ncreased its- share in the U. S

sweetener market from 10%: to 22% between 1960 and 1978 (Gramera,

e



1978).{Iﬁéxu.s, production of HFCS was predicted to reach as
much as 10 billion podnds by 1980, replacing 30 to 40% of
industrial sugars,

Regardless of the type of starch used as the starting
material, theAconversion proéess is basically thé same and
‘Eonsists of the following three main steps:ﬂ]iquefactioﬁ,
saccharification, ana isomerisation. Each step of the above |
process is catalysed by a specific énzyme. For liquefaction -
(also known asldextrination), a.bdcterial‘a1pha amylase is used.
This enzyme randomly hydroiyées the alpha 1 - 4 Tinkages of
starch to dextrins, intermediate starch units of 4 to 10,
g]dcose residues. A bacterial amy1og1JZosidase (also known a§
‘g]uco%my]ase) is employed in tﬁé saccharification process. This
eniymé acts on the above detrihs splitting them into glucose
molécules‘bygacting on the alpha 1 - 4 and 1 - 6 Tinkages.
Isomerisation empioys another bacterial enzyme called g]ucose :
isoméf;se to cataiyse'the isoherisation of rearrangement of
the glucose mo1egu1es to.fructose. Figure 2 shows a‘f1ow.

- diagram of high ftuctose syrup production from corn starch

(American Maize Product Co., IN ).

8
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R OBJECTIVE OF THE INVES/TLGAFIUN
. e . / . .

The obJect1ve of th1s research was to study the B:ocess

I
,'through wh1ch beet mo]asses cou]d be pur1f1ed and converted td

Sval product conta1n1ng h1gh concentrat1on of” fructose su1tab1e ,\;"
f fffor use as a food sweetener The proposed process cons1sted of \

:~fsevera1 un1t operat1ons as shown 1n the fo110w1ng d1agram

[N~
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3. LITERATURE REVIEW .
’fa;ld,,’impuritiesfin:Beet_Mo1asses

Impur1t1es 1n beet mo]asses can or1g1nate from three
sources | 7 | L | ] | :
’ 1 Constltuents 1n the raw mater1a1 wh1ch have gone
' fthrough sugar'manufactur1ng process unchanged and wh1ch o‘.' B
‘A;:'fr,jcannot be removed econom1ca11y, e g ) the so-ca11ed harmfu1
- hnonsugar components or co1101da1 f1ne1y suspended nonSUgars
2 Const1tuents that orlglnate or undergo changes
"hdur1hg the manufactur1ng operat1ons, e, g s the 1nso1ub1e
“degradat1on products of sugars and prote1ns.--ldf"‘
-f: 3 Nonsugars wh1ch become 1nso]ub1e dur1ng the:
e concentratlon and crystal]1sat1on processes as a- result of
‘ffthe1r 1ow so]ub111ty 1n h1gh1y concentrated so]uttons it
’;_f1i si'lj These const1tuents may be- broad1y grouped 1nto

‘*protexnaceous and co]]Oidal mater1a1s, ashes and co]ourants ;{J

/3.1.1. Proteinaceous and colloidal materfals ~ ‘sf[z;f‘:"

The prote1naceous mater1a1s‘present in beet mo]asses T;“

J;are the sugar beet prote1ns wh1ch are extracted 1nto the -“7 -
h‘i;£d1ffus1on Ju1ce dur1ng the sugar extract1on process A]bum1ns
ﬂ’l;and other prote1n11ke substances are 1arge1y removed or {~1i/’f:

cp~"5;«prec1p1tated in the defecat1on steps of the sugar manufactur1ng o

e
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process and only traces are present in the. f1na1 mo]asses

: _The pr1nc1pa1 compounds are the mo]asses lbrowmng products
_of am1no ac1ds, or prote1ns and reduc1ng sugars (Hon1g, 1963);
Mo1asses co]lolds, usua]]y, are adsorpt1on compounds-‘
5_ formed from pect1n-11ke mater1a1s and sugar Due to the pect1n v
content most coT]o1da1 part1c1es are found 1n the raw Ju1ce
r‘Defecat1on removes co]lo1da1 part1c1es in the ear]y stages ofi
' the process, but the1r concentrat1on aga1n 1ncreases dur1ng
”<ithe subseqdent bo111ng steps, resu1t1ng in the accumu]at1on’pr
'of these part1c1es in the mo]asses Mo1asses co]]o1ds are |
: :96% organ1c The negat1ve1y charged co1101ds 1nc1ude the e
;ﬁtcaramel substances and the me]an01d1ns They are the»hff“itf‘h'
:ff‘predom1nant co]our1ng matters in mo]asses The co11o1da1 o

1part1c]es const1tute about 0 3 to O 5% in. beet mo]asses and

:"7:;arlses ma1n1y from the 11m1ng and carbonatatlon steps of the

Y3z

'jsugar manufactur1ng process (Hon1g, 1963)

Inorganlc components

'7'f;§ f Molasses conta1ns a 1arge varlety of sa]ts These -

.r.fsa1ts form the bu]k of the 1norgan1c nonsugars the.amounts

r‘t;and compos1t1on of wh1ch are 1nf1uenced by beet var1et1es and -

| "ip}the so11 and weather cond1t1ons under wh1ch they are grown

,’_Beet uo]asses conta1ns about 10% ash approx1mate1y 80% of f;,;
3 Wh’Ch lslmade up- Of potass1um and ca1c1um and the rema1n1ng

‘20% cons1sts of ch]or1des, su1phates phosphateS*and s111cates}vf‘

13
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L ‘ :
.The m1nerals from raw beet Ju1ce are essent1a11y passed -
~>T1nto the f1na1 beet mo]asses The use of 11me in the defecat1on'
"steps of sugar manufactur1ng process causes an 1ncrease in -
'kca1c1um content of the molasses The f0110w1ng is a typ1ca1

}fanalys1s of the ash of f1na1 beet mo]asses (Ke]]er 1967) a]

j‘1"Ca1cﬁum,(%),as_Cabi-‘ . 'ao;15:;r0_70v
[l e T S o
g - Potassium (%) as- K,0 . . 2,20 -4.50 SRR
1Phosphate (%) as PZOS o "_p_0302 20,07
~ Silica (%) as 5102 o o0 -0. sofr
' 9‘ | T'.'Magnes1um (% as MgO ]-;J;‘F ‘0.01 -‘0 10’ -
S Iron (%) as. Fe203 = ld V”‘vh 0;001\%10,021"
j‘~,rota1 Ash (%)fffﬁ*}ﬂ-,“_'j_‘l"f o
2 r3}1;3;;C§1bufahts‘; L
Most of - the co]our fonnat1on in the sugar manufactur1ngf“gf"”

','process occurs towards the end of the process 1n the vacuum 7fv,h'h
'jhdpans and crysta111sers H1gh temperature (> 75° C) together

: W1th 1ow pur1ty and h1gh dens1ty glve r1se to the secondary
‘:.;phases of the co1our formation react1ons, e g s po]ymer1sat1on

d,The maaor1¥y of the colourants formed dur1ng the ear]y part of j,E'fV'*
'g~_jthe process 1s removed dur1ng the defecat1on step where m11k

\\of 11me 1s added fo]]owed by gaseous carbon d1ox1de to remove: ‘

the added 11me and ch]]o1da1 1mpur1t1es Co]ours not\temoved

by defecat1on and those formed Iater 1n the process, end up



;1 in- the final mo]asses after repeated sugar crysta111sat1ons
: dCo]our compounds present 1n beet or cane mo]asses can be
p:c]ass1f1ed as fo]]ows \‘ | |

a. Me]anoydlns ”‘{~'V' |

| Theserare polymerised:productS'of amfno acids.UOr
: am1ne-conta1n1ng compounds and reduc1ng sugars The react1on
tf1s known as Ma111ard react1on The products are dark
h‘brown po]ymer1c substances (B1nk1ey and WO1from, 1953) wh1ch
~-may.. account for a 1arge part of the observed co]our even: h
gthough they are present in sma11 amounts |

b, Carame1 | _ _ .v

o Carame1 1s produced ma1n1y by the heat1ng of sugar

. durlng the sugar manufactur1ng process The degree of
»'d1scolour1sat1on 1s retatedﬁtoﬁpH and temperature The sequence

';of°the colour format1on can’ be genera11y summar1sed as fo]lows

%; _f’&ilsosacchrosan (an anhydrosugar) C12H20010 o .

| Hy0 o
fﬂCaname1an, C24H36018 j
a0 T T e
P Car meJen‘ C36H50025 '*; ‘/'trl"%
B SR e
"_;.",1'_Carame11n (hum1ns) C125H188080

/Hence carame] 1s actua11y a’ comp]ex m1xture of caramelan,fg.jf

i \carame]en and carame11n (Hon1g, 1963)



c. Phenolics

V;Eheno1ics arehthe products of polymerised pheno]tc

: compounds present in beet'juice 'The'po1ymerisation ts's

) cata]ysed by an enzyme beet tyros1nase Pheno]1cs are usua11y -

found in comb1nat1on with other compounds and seldom exist in ;

beet mo]asses (McG1nn1s, 1951) An examp]e of a polyphen011c
".;coloured substance is beet tann1n _//”, j; ; k/éi |
S d. Iron po]ypheno11c cOndensat1on compouhds

| The preceed1ng po]ypheno11c compound can comb1ne-
B w1th 1ron to form 1ntense1y co]oured iren comp]g; ' Some of .

these compounds surv1ve the defecat1on process f 11m1ng "

*3and carbonatat1on, and darken further w1th pro] nged exposure

"to a1r and ferr1c 1ron at e]evated temperaturesL Pyrocatecho] -

. wh1ch occurs in the ep1derm1s and the head of beets, forms =
a comp]ex w1th 1ron to g1ve a ye]]ow—green1sh d1sco]ourat1on
L to the beet Ju1ce (Hon1g, 1953) | |

e, Beet p1gments .

In add1t1on to coloured substanées formed durlng the 2

sugar manufacturing process, natura11y occurr1ng p1gments

,such as beta1ne are a]so present in beet mo]asses

Thts generallsed descr1pt1on of the co]ourants present

’ p1n beet mo]asses shows th't the most 1mportant groups of

'“:‘co1our1ng mater1als ar carame]*substances, me]ano1d1ns, and

v,1ron po]ypheno11c c :pounds These co]ourants are’ sens1t1ve to -

16



.pH as their 1ntens1ty increases with. 1ncreas1ng pH (Meade and
Chen, 1977). |
| One common property of sugar co1ourants is thEIF 1on1c‘

nature mak1ng them conduc1ve to 1on exchange’ Both basic and

neutral. co1oured compounds ‘were found/to be present in the substances‘
'1solated from mo]asses (Tu and Payné, 1965) However, some of the
| colourants are zw1tter1on1c prese#t1ng d1ff1cu1ty when ion

exchange technlque 1s used for degol>ur1sat1on “The emp1r1ca1
formula of ‘the’ repeat1ng un1ts 1n/the brown co1ourant 1so]ated
" from mo]asses was found to be Cl; 18H26 27010N’ conta1n1ng

"am1no ac1d and sugar mo1et1es (Hs1eh et aZ., 1968) Mo]ecu1ar

f we1ghtvof-beet mo]asses_co]ourants could range from a few

" hundred to a hundred‘thousand”

It must be emphaSISed therefore. that nn]asses co]our v

*.g1s not due to any one substance rather, 1t is the sunmatlon of an

opt1ca1 effect of a very 1arge number of components all present in
_«trace amounts For the most part beet co1ourants have not been : \.
u1nd1v1dua11y 1so1ated and 1dent1f1ed Know1edge of the1r chem1ca1 L
composit1on has been der1ved largely from a compar1son of .
s1m11ar1t1es w1th prepared mode] systems (Tu and Payne, 1965) The_bl
| main problem w1th the study of co]ourants is the d1ff1cu1ty 1n
‘developlng standard colourant so]utlons wavelength scan to 1dent1fy

: the presence of characterlstlc groups have he]ped in g1V1ng c]ues

as to the or1g1n of these compounds (Agarwa] and Misra, 1972a b)

Iso]at1on of co]ourants by organ1c re51ns d1a1ys1s and ge]
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e]ectrophoresis have” been helpful. However, on1y'genera1
conc]usions‘00u1d be drawn_and that is_thatvthegmajor‘mo1asses'
_coTourants are composed‘of:therma]'degradation.products of
.suoars;}and sugar and amino compound reaction products (Yamane
end‘Suzqki; 1963)i Thus, deCoIourisation of molasses is byv

no means.a simple process. L )
3.2 Purification of beet mo]asses

The preceed1ng sect1on has shown that a cons1derab1e
amount of 1mpur1t1es are present in beetqmo]asses espec1a11y
colourants. It 1S-necessary to remove these 1mpur1t1es before
sat1sfactory HFS -could be produced U]traf11trat1on, powdered
‘actlvated carbon treatment and dem1nera11sat1on are among the
~most eff1c1ent techn1ques which may_be_used for - the purpose.
U]trafiltratfon’eSSisted in the}clarification ot proteinateous :
‘and co]1o1da1 materlal and’ the remova] of co]ourants of h1gh
mo]ecu]ar we1ght Powdered act1vated carbon removes carbon—
'adsorbab]e co]ourants;=Dem1nera11sat1onvw1th ion exchange -

‘ reSIns would reduce the ash content and some\of the rema1n1ng
co]ourants after actlvated carbon treatment Together the

"three operat1ons wou1d perform a sat1sfactory funct1on of

molasses pur1f1cat1on

3.2.1 U1traf1]trat10n o p . ‘j

U]traf1]trat1on s a membrane separat1on process a<'



(3

phys1ca1 process by . wh1ch, upder the 1nf]uence of a driving

force, a- separatlon takes p]ace across a semi permeab]e membrane

—4__» -

An ultrafiltration set—up’cons1sts bas1ca11y'of two units: a

"modu1e which houses the semi-permeab1e'membranes and a high

. pressure pump wh1ch prov1des the dr1v1ng force essential to

effect the separat1on The ‘heart of an u1traf11trat1on unit is

the membranes. Membranes used in u]trafiltration are uniquely

structured“fiIms, typica]iy»in the'loo'um thickness region

'

Mater1als ‘used to form these membranes are synthet1c organ1c '
polymers such as ceJ]u]ose acetate esters, po]yam1des and

V
po]ysu]fones Spec1a1 techn1ques such as phase 1nvers1on

vso]ut1on cast1ng are used for f]at sheet membranes and spun

casting are used'for hol]ow fJber'membranes (Cooper, 1980). For i“

1‘ffat‘sheet membranes; the'u1tra—thin'skin 1ayer (about 0. 2 um),

'are super1mposed on a coarsely porous matr1x, usua]ly p1a1n

-f11ter paper for mechanlcal strength and support A measure

of contro] over the degree of retent1on or’ se]ect1v1ty of these

;membranes 1s poss1b]e by vary1ng the cast1ng cond1t1ons dur1ng

their product1on Good membrane character1st1cs are h1gh water

" permeability, prec1se1y contro]]ab]e so]ute retent1on spectra

and exce]]ent thermal, chem1ca1 ‘and mechan1ca1 durab111ty

’Operat1ng variables 1n ] u1traf11trat1om with -

a g1ven set of. membranes are temperature, feed rate and

Y

pressure Permeate flux decreases as the concentratlon of

membrane reta1ned so]1ds 1ncreases. Th1s 1s due to the

19
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increasing viscosity'of the'ffuid and the concomitant increase -
‘in boundaryi1ayer thickness thch increases'resistancef~* ',~ /b,
'to permeate flow. Therefore, in each app]ication,‘for technica1‘
_and econom1c reasons, Timits are’ imposed on the maximum |
atta1nab1e cpncentrat1ons of the retained so11ds |
In u]traf11trat1on the skin- 1ayer of the membrane ‘ .‘

conta1ns u]tra fine bores, usua]ly in the 2 -10 nm 51ze range \
These re]at1ve1y f1ne poreSwreta1n macromo]ecu]es and c01101ds,vz
wh11e a110w1ng the permeat1on of water and sma]] mo]ecu]es,
. “e.g.‘ sugars and 1norgan1c salts Retent1on of suspended

| part1c1es is based on a s1ev1ng type\mechan1sm and depends on

_ mo1ecu1ar size and shape of the part1c]e5\\U]traf11trat1on |
,;rmembranes are characterlsed w1th respect to the1r retent1on
_capab111t1es by spec1fy1ng a nom1na1 mo]ecular we1ght\out -off.

. This is the m1n1mum molecu]ar we1ght wh1ch the membrane wf11\

. /

--reta1n - “‘x‘. o o o i 7 ‘ _ \\\;
- " The genera] equat1on descr1b1ng flux (L/m /hr) 1n ‘ .

I

membrane processes (both u1traf11trat1on and reverse osmos1s) is

that cited by»Je]en (1972):

L Kkl )/( Rm‘ * }Rb.)‘
where  J = the f]ux through the membrane (perme§t1on rate -
S . . L/m /hr)
AP = the hydrostatlc pressure d1fference across the
: membrane o :
: . L, :
All = the osmot1c pressure dlfference across the/membrane.



3.2.2

100 and 600 kPa, and temperature of about 60° C.. The makimum<

.'common desxgns are the plate and . frame stacks, hol]ow f1ber '

21

i

Rm and Rb the resistances to solyent permeation
of the membrane and of the boundary
~ layer of solutes attached to the
membrane.
(R, may irclude the concentration
polarisation and fouling effects.)

<
i

= a proportionality constant re]ated to-
P ‘mass transfer o

General designs,ﬁoperations,-and application to ultrafi]tratidn,
Most‘ultrafi]tratidn processes normally operate

within the flux range of 1 - 100 L/m27hr at pressures between

flux 1is determ1ned by the 1ntr1ns1c membrane water fiux which

11es in the range of 100 - 500 L/m /hr Severa] makes and

models of u]traf11trat1on equ1pment are ava1]ab1e on the .

market They differ ma1n1y in the shape and size of the membrane

i

module but the principle is bas1ca11y the same. The: more

tubes, Sp1ra11y wrapped membranes, and flat- 1eaf cartr1dges, :

to name a few The, modu]e used in th1s research was a plate

s

and frame stack des1gn from the Dan1sh Sugar Corporat1on (DDS -
De Danske Sukkerfabr1kker Naskov, Denmark) (Flgure 4).

U1traf11trat10n systems can be operated e1ther on a batch‘or

-

Loy

cont1nuous bas1s depend1ng on process1ng cond1t1ons and

| ava11ab111ty of equ1pment \¢he systems .can 'be further d1fferent1ated

1nto e1ther series or para]]e] operat1on (F1gures 5 and 6). The



e d

Retentate

Fibure 4,

N oA W

Center bolt .
Pressure gauge
Top flange

‘Pressure regulating valve
. Membrane support plate

Spacer:plate
Hydfau]icvcoupling R

Diagram of the De Danske Sukkerfabrlkker p]ate and
frame LAB-MODULE 20 Model.
(Adapted from operatlon manual No 1694 - GB - 0678 - 50.)
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operat1ona1 conf1gurat10n emp]oyed 1n th]s research was a

s1ngTe stage batch recycTe arrangement : (F1gure 7)
i The pTate and frame sFack des1gn used in th1s"'

research was a system conta1n1ng fTat sheet membranes The

: modu]e wh1ch housed the membranes cons1sted of a ser1es of B 5

| spacer pTates and membrane pTates The spacer pTates formed

th1n channe]s for the fTow of the feed soTut1on A membrane
was’ pTaced on: each s1de of a support pTate WhTCh was e

perforated to aTTow the permeate to fTow ATternat1ng between

_ ,tu each support pTate was. a spacer pT;te Th1s comb1natlon of

| :d, a]ternate spacer and membrane support pTates was assembTed as T" -

FUREIN

a stack and compressed to hon them together to form the f;;iv- o

modu]e (See Flgure 4)

Loog

UTtraf11tratlon is h1gh]y Sujtab1e for PUT1f1cat1on, e

- concentratlon and, sometlmes fract10nat1on of b1ologlca1

'**i materlaTs Some of the uses of uTtraf11tratlon,are

o 1 1n the pa1nt 1ndustry for the removaT of ;; ?[:lf

contam1nants 1“ the recy011“9 Of e]ectrophoret1c pa1nts, o

'i"bi 2 1n the food 1ndustry for 1mmob111sed enZ.Yme app11cat1ons, .

treatment of da1ry wastes such as whey, cTa'1f1cat1on of fru1t

4]

A

of w1nes (Cooper 1980) fract1onat1on of catt]e b100d pTasma 2

o

resuTt1ng 1n a ceTT concentrate and sﬁrum fract1on etc ,‘gf.;-

.tfj, I']ﬂj ”,3: in the pharmaceut1ca1 and eTectronlcs Industry

for the productlon of ultra-pure pyrogen—free water\(Cooper 1980) -

/3u1ces (Heatherbel] 1977), cTar1f1cat10n and‘cold ster1T1sat1ont uaY:__"i.
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4. 1n the med1ca1 1ndustr1es for the product1on of

'jenzymes and’ med1c1na] drugs, and

SQ" in the paper 1ndustr1es for the treatment of waste

vrwatert

UTtraf11trat1on of d1]uted moTasses has not been '

| ’Qattempted However Harr1son (1970) p01nted out to the

'potent1a1 of th1s app11cat1on 1n the sugar 1ndustry Though
.kiTtraflltrat1on has been w1de1y accepted as a un1t operat1on
' ln the var1ous 1ndustr1es stated above there rema1ns maJor L
eproblems to be soTved 1n the des1gn of the equ1pment for .v'

_eff1c1ent cTean1ng and prevent1on of membrane fouT1ng due to

'i,prec1p1tat1on on membrane surfaces However WTth r1s1ng

75:be more W1de1y accepted as an energy eff1c1ent process for

,»enerqy costs and conservat1on, uTtrafTTtrat1on w1TT probabTy

\ P

.T\

“jﬁlconcentrat1on as compared to 'trad1t1ona1' methods e g ¥’ evaporat1on

3.3

,Activatéd'Carbon_,h

\" -

27

Act1vated carbon 1s an” adsorbent made from mater1als L

| -.”such as T1gn1te nut sheTTs, wood and coaT (ManteTT 1968)

,“;Adsorbents are soT1ds wh1ch are honeycombed w1th an 1nf1n1te p

'nif_number of m1nute tunne]s or pores The d1mens1ons of these pores

»"are 1n the order of moTecuTar s1zes and are not of unlform s1ze

"»por shape The dlstr1but1on of the area w1th1n the pores of e

E ﬁfvarlous S]ZeS accounts for the spec1f1c1ty in adsorpt1on The

"-f;carbons are’ act1vated by steam or/ chem1caTs (van Asbeck 1981)



h Act1vat1on 1nvo1ves the se]ect1ve ox1dat1on of the hydrocarbons
' on the surface of the carbon partlcles The process of
'\act1vat1on 1s a]so d1rected part]y towards the deve]opment of
‘”a 1arge area per un1t we1ght of the adsorbent (McGlnn1s 1951)
. The phys1ca1 propert1es of the carbon, such as por051ty,.

compactness and mechan1ca1 strength depends on the type and

cond1t1ons of act1vat1on The two most w1de1y used adsorbents

'ﬂ‘adjn the sugar manufactur1ng and ref1n1ng processes are vegetab]e

.'carbon and bone char _ i : e “‘V'

) _ Adsorbents are used for the deco]ourlsat1on of sugars

ff}vegetab]e 0115, organlc so]ut1ons potable water a]cohollc r;j{v]”ff.-'~“

i

anubeverages air pur1f1cat1on odour remova] meta]s recovery, h.?r?/*i'..»~-
o :f}pharmaceut1ca1 and med1c1na1 adsorbents for human 1ngest1on. L
; bprarbon adsorbents are ava11ab1e 1n powdered pe]]et1sed and g
~tegranu1ar forms Commerc1a1 act1vated carbons on the bas1s of
;;pthelr phys1ca] structure and propertfes may be 9F0uped 1nto i; ;
' ‘_four c]asses name]y deco]our1s1ng, gas adSOrbent meta]-.vn :
itr‘adsorbent and med1c1na1 carbons No one type of carbon can be ff

'"*d;fun1versa11y used or is’ effect1ve for a]l purposes (ManteT] 1968)
:.3}3;1 TypeS{of;aCtiyated_carbonf:
The three ma1n types of carbon adsorbents used 1n the
"*v"sugar 1ndustry are b0ne char, granu]ar and powdered carbons ,eéf

lpt(Meade and Chen 1977)



'3.3.1.1

Bone‘char r

Bone char or bone b]ack.1s used 1n the deco]our1sat1on
|

; ‘and ref1n1ng of sugar It is ‘the carbonaceous res1due obta1ned

~from the destructlve d1st111at10n of bones Bone char cons1sts of

.

~'[a ske]eton of ca1c1um phosphate and carbonates w1th a very great '

’number of nunute tubes and channe]s Th1s ske]eton 1s coated or

. 11ned w1th carbon 1n a f1ne state of subd1v151on and high act1v1ty

I(Meade and Chen, 1977) The adsorptive power of bone char res1des

.bln 1ts actlvated carbon content

l R : v
Bes1des 1ts deco]our1s1ng power, bone char a]so

radsorb ash constrtuents The pr1nc1pa1 1on1c const1tuents

giremoved by bone char are ca]c1um magnes1um and su]phate

"fd(non1g, 1953)

3312

v/' . &

Granu]ar carbon

Granu]ar carbon or granular actlvated carbon 1s a hlgh

o carbon adsorbent genera]]y manufactured from coa] It conta1ns

'tﬁtmore than 60% carbon and 1s steam act1vated (Mante]] 1968)

o Q"Granular carbon in sugar ref1n1ng has come 1nto 1ncreas1ng use -

T .fes1nce the 1950 s as a rep]acement or supp]ement to bone char

;'rfv.The chief advantage of granular carbon 1s 1ts very h1gh

’”_decolour1s1ng capac1ty, the ch1ef d1sadvantage 1s 1ts 1nab1]1ty _ﬁf_V

', to remove ash necess11ates an aux11ary step to remove

}'the ash after decolour1sat1on Granular carbon systems

P

f:costs about 2% to 3 t1mes more in capltal 1nvestment than =

29



3.3.1.3

lower operat1ng cost gHeroes, 1974 1977)

Aopowdered carbon system but has the advantage of a. cons1derab1y

Powdered actlvated carbon

/ Powdered act1vated carbon is carbon 1in a very- f1ne

"'“state of d1v1s1on.‘It is- usuaTTy prepared from the gr1nd1ng of :

}act1vated granu]ar carbon CoaT and var1ous other,carbonaceous,.

-

: materlals are'used 1n the manufacture'of’poWdered<carbon- The

' i"performance of powdered carbon 1s approx1mate1y the same as

-granu]ar carbon from the po1nt of v1ew of the amount of carbon ;,'

prequ1red per un1t sugar to ach1eve a certain amount or degree of e

oco]our remova] The two d1st1nct advantages of powdered carbon

v.pare the amount of contact t1me requ1red for equ1VaTent degree

. of decoTour1sat1on is onTy m1nutes as. compared to hours for

A granu]ar carbon, and it 1s much more effect1ve 1n the removaT of

'c01101da] mater1aTs, g1v1ng better cTar1f1cat1on of so]ut1ons

' The d1sadvantage is that 1t 1s generaTTy used a few t1mes and

' t d1scarded wh11e bone char can be reused several hundred of t1mesvi'f

R
and granuTar carbon about 25 times (Meade and Chen, 1977)

Powdered carbon deco]our1sat1on 1s ba51ca11y a bbtch
process The carbon 1s d1spersed and kept suspended 1n the
soTutlon for a predeterm1ned Tength of t1me before 1t 15 ,@-:'

separated from the m1xture by f11trat1on



3.3. 2 Theory of carbon adsorpt1on |
' Adsorpt]on is a unit operatlon wh1ch dea1s w1th the .
ut111sat1on of. surface forces and the concentrat1on of mater1als
“on ‘the surfaces of solid- bod1es referred as adsorbents |
' Adsorptlon may<occur a]one or may-a]so be accompanled by”
”chem1ca1 react1on the process of wh1ch 1s called chem1sorpt1on
(ManteH 1951). | _' ” |
The theory of adsorpt1on by an adsorbent 1nvo1ves }
"_smany processes It 1s necessary that the adsorbent and so]ut1on
._be in 1nt1mate contact fd? some time. The adsorbed atoms or
Amo]ecu]es may be bound to. the surface of the adsorbent weak]y
or strong]y ‘The former 1s a phys1ca1 process a]so known as
- van der Waa1s adsorpt1on Most adsorpt1on of sugar co]ourants
.:occurs through th1s process (Mantell 1951) The latter 1s
"termed chemxsorpt10n and *equ1res energy much the same way
'has chem1ca1 reactlons Adsq@pt1on is a functlon of temperature,
E pthe adsorbate, pressure the adsorb1ng so11d or adsorbent, its
| ac$1v1ty, or1gln and method of preparatlon (Mante11 196 E
: ' Severa] theor1es have been proposed to exp]a?:\}ﬁmr

' mechan1sm of adsorpt1on (Mante11 1951):"

1. Langm1ur 1n 1915 proposed that adsorptlon 1s a type‘

hbf chem1ca1 comb1nat1on and the adsorbed 1ayer is un1mo1ecu1ar
2 Po1yan1 1n 1915 stated that adsorpt1on is'a
phys1ca1 process, e1ectr1ca1 ln nature and the adsorbed 1ayer o

s multlmolecular; Thjs theory;1s also,known as Potent1a1 Theory"

31



3 Zs1gmondy 1n 1911 and Patr1ck in. 1920 stated thd

. adsorpt1on is 'of physical nature caused by cap111ary

i

7

condensat10n : S S o Tg

4, Deboer, Zwikker and Brad]ey in 1929 proposed the

B BN

' PoTarlsat1on Theory wh1ch stated that when ‘non- poTar moTecuTes

are taken up on ignic adsorbents the assumpt1on is’ that the e

. adsorbent in 1ts outermost layer induces d1poTes in the first

iTayer of moTecuTes wh1ch are adsorbed These 1n turn 1nduce

d1po]es in adJacent_]ayers and thus, by e]ectr1ca1_att7act1ve »

_forces;-severaT Tayers are built. o //

. 5. Brunauer Emmett and TeTTer (also known as the B E. T.
Theory) stated that the adsorpt1on phenomenon is.a mu1t11ayer’
adsorpt1on process | | | |

However, desplte these the he exact mechan1sm

of the adsorpt16n process is st111 not fuTTy understood The

_B.E.T. TheOry 1s currentTy the most w1de1y accepted one iManteTT

1951).

Adsorption-inyoTvesothe distribution of a substance
between two phases, ige.'a liquid and a solid phase,‘
= ALiquid ————> Adsorbate ——> Solid

When a quu1d conta1n1ng 1mpur1t1es is brought 1nto

contact w1th a- carbon, the attract1on of the carbon for the

-~

1mpur1t1es is. greater than that of the quu1d for the 1mpur1t1es

In th1s manner the equ1T1br1um favours the remova] of - the

I
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impurities from the so]ut1on by the adsorbent
) Sugar co]ourants are a m1xture of many dlfferent
,{-compounds Thus, any theoretical treatment 1s o) comp]ex that
pract1ca1 so]ut1ons t0 the adsorpt1on theorles have never been

'ach1eved (Meade and Chen, 1977)

‘3.3.3-'_Freu'nd11'ch equation‘.
‘ The Freund11ch equatlon is a1so known as the Exponent1a1
' equat1on When a so]ut1on conta1n1ng 1mpur1t1es is. brought into

1nt1mate contact w1th a quant1ty of act1vated carbon, the remova]

.3of 1mpur1t1es from the so]ut1on by the c very . rap1d

dur1ng the firs 3 of contact and gradua11y reaches a

—point where 1ncreased t1me/of contact gives no further deco10ur1sat1on
| If the relation between the adsorbed quant1ty of 1mpur1t1es and

< that present in the so]ut1on at equ111br1um is stud1ed and the K

,

_'quant1ty of- 1mpur1t1es remOVed from the so1ut1on or. the. -amount
adsorbed on the adsorbent is p]otted aga1nst the concentrat1on '
.‘ of the 1mpur1t1es rema1n1ng 1n the so]utlon at equ111br1um,
curves concave to the concentrat1on axis are obta1ned (Mante11
1951) These curves (F1gure 8) can be descr1bed by an’ exponent1a1
| express1on known as the Freund11ch equat1on &

X,
s

‘ where’X_ ‘the Welght of7i mpur1t1es adsorbed by M grams of o o S

adsorbent.



M

i

the mass of the adsorbent used.’
C

k

the concentrat1on of 1mpur1ty rema1n1ng in the
so]ut1on at- equ111br1um

K and -

]

constants whlch depends on the carbon used and
the nature of the 1mpur1ty

L)

Adsorpt1on by deco]our1s1ng carbons fo]]ows this: h,,/fwﬂff““”

. ,)p/’/,,e,
. exponent1a1 equat1on Within the ra /of~c6mmerc1a1 ract1ce
//d/,,lmﬁ P

. this equat" 'oaas’géEEFET?y Logar1thm1c plot of the

- B exponent1a1 equatlon will produce a stralght line (F1gure 9)

| If: the system is kept at constant temperature th“stra1ght
line plot is ca11ed an adsorpt1on 1sotherm Under . s1m11ar
cond1t1ons, the decolourising ab111ty of carbon 1ncreases as

;, approaches un1ty (Mantell, 1951).

v" 3.3.4 Des1gns of act1vated carbon deco]our1sat1on systems in sugar’
L s,manufactur1ng and ref1n1ng o N ’ o

] -

Due to operat1ng costs. and cond1t1ons most act1vated
carbon systems'used in the sugar 1ndustr1es today are of the

granular type Granu]ar bone char or- act1vated vegetab]e carbons

34

aare the two most W1de1y used adsorbents in the sugar manufactur1ng S

- and ref1n1ng processes
Bone ohar and vegetab]e carbons are used 1n char

f11ters These are stee] p]ate c1sterns with inlets and out]ets
s
for pass1ng feed and connect1ng attachments or dev1ces for

-

10ad1ng and. d1scharg1ng of the used or spent' adsorbent Each

f11ter1ng cyc1e cons1sts of the fol]ow1ng operation:

—
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+C P
Figure 8. Decolourisation isotherm. M (colour units removed
~* per gram of carbon) versus C (residual colour

' Concentrétibn)]:(From Mantell, 1951;)¥,‘ -

A Y

" log.C

. Figure 9. Decolourisation isotherm,[iog.«-M (Log. of colour units -

' removed per gram of carbon) versus Log. C (Log. of
residUa1-coloUr'eqncentration)J(From Mantel1, 1951.)

I >



1. filling with the adsorbent (1oad1ng)

2. covering the adsorbent with 11quor and sett11ng
the filter (sweeten1ng~on) 1 |

3. running of the 11quor or exhaustion of the filter bed

4. washing the’ sugar out of the adsorbent with hot water
(sweeten1ng-off)

5. washing with water wh1ch is sent to the waste to remove
reversibly adsorbed mater1a1

6r:blow1ng out the residual water with air
7. d1scharg1ng the used adsormﬂ@t (dropping the f11ter)
: o
8.. regeneratwn 9r rev1v1fmat\griof the: adsorbent

The two 1mportant aspects in the wi 4z Son of granu]ar

actlvated carbons in column operat1ons are deco]our1s1ng
\ capacity and f1Tterab111ty The- operat1on can . be conven1eﬂt1y
- divided into two systems (Mante]] 11968):
1. f1xed bed operat1ons in which the sugar ]1quor flows
' through a stat1onary bed of adsorbent {h1s operat1on can be
e1ther in ser1es or parallel (Flgure 10, A, B) .and
2. moving- bed operat10n in which both the 11quor and

adsorbent move countercurrent]y (Flgure 10, C) -
| | In f1xed bed operat1ons w1th bone char or act1vated
v'granular carbons, the Tiquor is passed through the adsorbent
| -for a per1od that exhausts the adsorbent to a spec1f1c extent
- The point at wh1ch the adsorbent is cons1dered exhausted
depends on a carefu1 econom1c ba]ance determ1ned on the basis

i3

fjrach spec1f1cvapp11cat1on

o
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Char cisterns

S

. Figure 10,

[ X
LS g

: manufactgrlng process.

Conflguratlons of char c1sterns used ln the suga
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13;¢2$Ion exchangevre51n33

5 Ion exchange 1s a process in whnch an. 1nterchange of o
1‘;1ons of -the same polar1ty occurs between a so]ut1on ‘and an‘i
'1essent1a11y01nso]ub1e so]1d 1n contact w1th the so1ut1on
‘:(Skoog, 1969) Many substances,‘both natura] and synthet1c, ,}
'have been used as 1on exchangers Common clays, ce]]u]osesl
‘:‘prote1ns and zeo11tes (natura1 sod1um a1um1nate comp]exes) areh
dv"natura1 1on exchange mater1a1s that have been stud1ed However;

iithese natura] substances have ]ow exchange capac1t1§§?and dther’de

PR

)ﬁunfavourab1e chem1ca1 and physxca] propert1es (Khym, 1974)
:ﬂf; Synthet1c organ1c ion- exchange res1ns were fnrst produced in. 'H .
>1935 and have s1nce had w1despread 1aboratory and 1ndustr1a1 B
”u”applmcatlons e. g for water soften1ng, water de1on1sat1on,vﬁ5‘

<;solut1on pur f1cat1on and ion separat1on.._; |

’”jtﬁffff jg " Synthet1c organ1c res1ns are so]1ds cons1st1ng of twoi_

\

e“7f*}parts the ba51c framework whﬂch is- an\elast1c three d1mens1ona1
: thhydrocarbon network, and the 1on1sab]e or fdnctlonal gVOUPS b-’
‘r_attached to th1s organlc matr1x These funct1ona1 groups have

) f-act1ve (mobi]e) 1ons that can react or be rep1aced by other

_’fmns ,"Kh‘ym, 1974) - |

) | Thé/chem1ca1 behav1our of 1on exchange res1ns ts

determlned by the nature of the funct1ona1 groups attached to

“"ithe hy rocarbon skeleton The two maJor c]asses of 10n exchange “f;
v}po/ymers are cat1on -and an1on exchangers . R |

// L Cat1on exchangers may be: strong cat1on1c or. ac1d res1nsrﬁ&

\"'



'1conta1n1ng squhon1t ac1d groups (RSO H) (F1gure 11, A) o

Ti,weak ac1d res1ns conta1n1ng carboxyT1c groups (RCOOH) (F1gure 11
- B).. An1on exchange res1ns conta1n am1ne fUnct1onaT groups ."‘
"attached to the poTymer Strong base exchangers are quarternaryd' -
fam1nes [RN(CH3)3 QH:] and weak base types conta1n secondary :

Wand tert1ary am1nes (F1gure 12)

Ion exchange is part1cu1arTy effect1ve when the

:jconcentrat1ons of 1mpur1t1es to be removed are very 10w (Kun1n
vvand P0111o, 1968) The capac1ty of 1on exchange res1ns are L
'f;Texpressed in m1111equ1va1ents The number of exchange s1tes onr ;7~"
';the res1n matr1x determ1nes the exchange capac1ty of. the 1on |

: :~Jexchanger for counter 1ons Th1s capac1ty is usuaTTy expressed ,lf

- the number of exchange s1tes in m1111equ1va1ent per un1t dry
:f ;we1ght of res1n and the wet—we1ght capac1ty 1s the number of
ifexchange s1tes 1n m1TT1equ¥vaTent per un1t voTume of res1n ' gﬁf"”

a'"sonTen 1n water

Chem1ca1 and thermaT d%gradat1ons of the matr1x By

oo

S R
:_,materlal are the ch1ef causes ofures1n deter10rat1on Stab1T1ty
*of res1n var1es w1th res1n type operat1ng temperature, 1on1c

vaform of the res1noand‘ﬁheboperat1ng pH (Kun1n and PoTT1o 1968).u,

ot

B e e
;’.~Dem1nere11sat1on e AR SN T

Demfnera11sat10n or de10n1sat1on 1s the removaT of

- ' \ o s’ X .’"\-,‘;.v‘
o cat1on1c and an1on1c 1mpur1t1es from a. soTutlon Comp]ete

. 39 -

':: on. a dry-we1ght or wet voTume baS1s The dry-we1ght capac1ty ‘S:v S



Figure 11

40

—CH CH2—CH-—CH2-CH—CH2

‘ _ ‘

L ,-—-c--—-c+~|2—c—-cn2 CH-—-—CH
3W-COOH1'V’COOH_3A‘*

b ?""“
CooH -

BT : CIH3.: . ,‘ L ch3 :

| ;vil_—-C—CHz--?——cHZ CH—-CH2 (%—-

COOH COOH - COOH -

Chem1ca1 structures of catlon exchange res1ns \ S

Strong-ac1d POUS'CYrene type ‘cation exchange resin.

L . Weak aCTd acryhc type catwn exchange resin.

- ”:'-(From Khym. 1974 ) ' s
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'CH N(CH3

)3

_ Figure 12. Chemlca1 structure of a strong-base B :'
S ' 'f ammon1um P01ystyrene type anion exchange res1n
(From Khwn, 1974 ) o .



a .

remova] of 1on1c 1mpur1t1es from a so]ut1on can be ach1eved

Tthrough 1on exchange us1ng the hydrogen form (H ) of cat1on

N

vand the hydrox1de form (oH™ ) of an1on exchange res1n

"\

i

There are three basac methods for emp10y1ng ion

exchange res1ns 1n de1on1sat1on process The f1rst convent1ona1u
de1on1sat1on, 1nvoTves passage of. the soTutxon through a co]umn -
of a cat1on exchanger (H form) to form free ac1ds ‘from the z

1ons present and then through the bas1c form of an’ an1on

4

: exchanger to remove the ac1ds. The second,vreverse deaon1sat1on,,

'1s s1m11ar to the f1rst except that the so]ut1on 1s f1rst

passed through the an1on exchanger to form bases from the ions’ |
present and then through the cat1on exchanger to remove the ,,]

bases. The th1rd mono bed or mlxed bed de1on1sat1on, 1nvo]ves

cat1on and an1on exchangers 1n the H and OH forms respect1ve1y

Var1ous comb1nat1ons of weak or strong cat1on or an1on

- exchange res1ns may be emp]oyed The convent10na1 and reverse

| de1on1sat1on systems can g1ve r1se to two undes1rab1e effects'ﬁ

42

*f‘contact1ng the solut1on batchW1se or coTumnw1se to a m1xture ofju'y.77 |

l The format1on of a temporary ac1d1c or: bas1c cond1t1on. o

2 The ex1stence of a revers1b]e exchange equ111br1um
dur1ng the f1rst stage of the de1on1sat1on
‘1f ];‘f For many app11cat1ons, a temporary ac1d1c or bas1c :

cond1tlon can drast1ca11y aTter the propert1es of a substance

Th1s can be part1cu1ar1y cr1t1ca1 for the de1on1sat1on of

b1ochem1ca] soTut1ons conta1n1ng prote1ns,vsugars etc In the

\3



sugar 1ndustry th1s cantlead to 1osses of sucrose through

"‘1nvers1on and/or co1our format1on

N

Rea11sat1on of these def1c1enc1es 1ed to- the

',deve1opment of the mono bed or m1xed bed techn1que wh1ch 1s

jfab]e to ma1nta1n a neutra] med1um and a]]ows comp]ete

de1on1sat1on The mono - bed techn1que has become we]] accepted

and is be1ng used wor]j/w1de Comb1nat1ons 1nvo]v1ng strong ac1d ’

, cat1on exchange resins with strong base an1on exchange res1ns

‘are rout1ne1y used to produce water of very h1gh qua11ty ,

"(Khym, 1974) S

. 3.4.2

*Idﬁ e}changevtechniques'“

| »g:ﬁ Ion exchange app11cat10ns may be carr1ed out by e1ther »

- column’ or- batch techn1ques Co]umn operat1ons aré usua]]y

»3srpreferab1e a]though the cho1ce of. method depends ent1re1y upon _.r"

'::reached and the res1n may then be regenerated to be used 1n

‘h‘another cycle

:the app]1cat1on 1n quest1on.._f”

In co]umn operat1ons the 1on exchange res1n is p]aced

| in a vert1ca1 co]umn to form a bed The so]utlon to be treated

is passed through th1s co1umn unt11 a predeterm1ned endpo1nt 1s
Ul

“In batch operat1ons the ion exchange resin is s1mp1y ' ,rf:',7'

: agltated in a vesse1 together W1th a g1ven Quair Ly of the

K]

so]ut1on t0 be treated When a predeterm1ned endpo1nt is ~”;l:::*5"

"'*greached‘ the solut1on 1s removed and the res1n regenerated



3.4.3 Demfneralisation as applied to sugar, industry'

Dem1nera11sat1on w1th synthet1c organ1c res1ns as a

un1t operat1on 1n sugar 1ndustry have been attempted s1nce the
'mjddle;1940‘s (Hoareausfet al., 1977).»Sugar industry was one of
‘the first to»useAion eXchange resins in its manufacturing' |
processes 'When acid and base stable resins wereldeveToped

-

' attempts were. initiated to 1mprove the recovery of sucrose by

- ,_de1on1sat1on of beet sugar juice.
' D1ff1cu1t1es in res1n stab111ty and sucrose 1nvers1on
vs1owed these deve]opments for severa] years unt11 new and better

Ures1ns were developed Dem1nera11sat1on was used to achieve two

goa]s the remova] of me]ass1gen1c sa]ts to~1ncrease sucrose.

recovery, and the deca1c1f1cat1on of sugar Ju1ces to reduce the o

format1on of scales on heat’ exchange surfaces (P0111o and

N McGarvey, 1977) oL o f, ' .

Dem1nera11sat1on of the th1n Julces is' carr1ed out on'

vacstroﬁg'ac1d1c cat10n exchanger made of su]phonated poTystyrene\

nd then on an anion exchanger wh1ch is genera]]y weak1y basic

B (Po111o and McGarvey, 1977) In order to avo1d the 1nvers1on of
‘the sucrose the treatment 1s performed at a temperature of 1ower |
than- 12° C Dem1nera11sat1on 1ncreases sugar extract1on to 88 -

"'89% whereas w1thout dem1nera11sat1on the rate is only 82 - 86% v

‘ "’depend1ng on the operat1on (Nachod 1949) ; ;:‘ _.51?;‘

The pr1mary purpose of dem1nera11s1ng sugar so]ut1ons

44



\

are man1fested in numerous, ways depend1ng on the type of

45

o)
t

i

y 1s to remove 1mpur1t1es, both 1norgan1c and organic. The

benef1ts of the 1ncrease in purity" of the treated soTut1ons

“sugar so]ut1on being processed and, the products obtaxned

2

‘-Accord1ng to Nachod (1949) app11cat10n of dem1nera11sat1on

“step in sucrose manufacture from both,beet andpcane resu]ts

in

1. greater y1e1ds of sucrose as purer 11quor goes 1nto

sugar bo111ng pans,
2‘75ubsequent decrease in moTasses format1on,_
. Y

i
3. 1mprovement of sugar and f1na1 mo]asses qua11ty,

4L'e11m1nat1on of evaporator sca11eg and 1nterm1ttent

- washouts- of juice heaters and evaporators,;

3.5

5,/super1or work1ng quaT1t1es of the massecu1te and

' /fb.'some sav1ng in chem1cals in beet Ju1ce process1ng

'HydroTySis (inversion) of sUcrose'/

HyerTys1s or 1nvers1on is the sp11tt1ng of the

gTyc051d1c bond between the monosacchar1des g]ucose and fructose

' of sucrose The hydro]ys1s of sucrose theoret1ca]1y produces
"a 50 50 m1xture of D- gTucose (dextrose) and D- fructose ‘
'(Taevulose) If the hydro]ys1s is not carried out.to~comp1etion

,some sucrose can rema1n in the - product The word 1nvers1on is

app11ed because the or1g1na1 so]utlon of . sucrose when’ poTar1sed

"g1ves a right hand rotat1on (dextrorotatory) to the pTane of



3.5.1

. Hydro1ysis withqstrong or weak»acids -

po1arised'1ight’ whi]e the final solution of invert‘sugar

' g1ves a left hand rotat1on (1aevorotatory) (McG1nn1s, 1951)

1Three methods -have been used in the manufacture of 1nvert

sugar. These 1nc1ude the use.of:
1. strong mineral or weak organ1c ac1ds,
2 the enzyme 1nvertase, and

3, ion exchange.re51ns.

‘In the presence of hydrogen jons a hydro]yt1c

rdecompos1t1on of d1sso]ved sucrose takes p]ace The extent of

‘ /

the 1nvers1on depends on the nature of the ac1d (m1nera1 acids

have a much greater 1nvert1ng power than organic ac1ds), 1ts, -

quant1ty 1n relatlon to the amount of sucrose. the temperature

of the ac1d sucrose m1xture (the higher the temperature the

greater the 1nvers1on) and the 1ength of t1me the acid and

'sucrose are in, contact (Meade and Chen, 1977) In d11ute

solutions the rate is d1rect]y proportional to both sucrose “

and h{drogen -ion concentrat1ons The' temperature coeff1c1ent of

~ the react1on (QIO) is about 2 8 (Hon1g, 1953) Sugar 1nvers1on

_is exotherma] and the heat generated which 1s a’ funct1on of the

. \
react1on t1me is d1rect1y re]ated to the percent of 1nvert ,

uproduced (Hon1g, 1953)

A]ka11 has to be added to. neutra11se the ac1d when the

bdeSIred degree of inversion or hydro]y51s has been reached

" The addition of\substantia].amounts'of'such alkali has the

46



3 5.2 Hydro]ys1s with invertase

e

proposa] to use 1mmob1115ed enzymes in an 1ndustr1a1 process

\

effect of 1ncreasing the inorganic contentxof the product,
contr1but1ng to colour deve]opment and decompos1t1on of

fructose at thh pH (Hughes et aZ., 1952) //

I . . )

Invertase is known by many ‘names such as saccharase,

s

-g]uc051dase a:D-fructofuranos1dase g D fructos1dase and 8- D-

//fructofuranos1de fructohydro]ase The Enzyme Comm1ss1on des1gnated
number’ for th[s enzymé is E, C. 3.2, 1.26 (Ch]bata 1978)

" Invertase of commercial importance is obtained from cultures of

. , v P2 _ , )
yeast. The word invertase encompasses a whole family of sucroSe—

hydro]ys1ng enzymes Only. Saccharomyces cerev1s1ae and Sacgharomyces

car1sbergens1s are 1mportant in the 1ndustr1a1 product1on of

| 1nvertase (Reed 1966) o ;»T " T A

Invertase is used extens1ve]y 1n the confectton

_ manufactur1ng 1ndustry It f1nds very 11tt1e app11cat1on in the
. sugar manufactur1ng 1ndustry In the sweetener 1ndustry, it is

used for the cont1nuous product1on of 1nvert sugar from sucrose. L

‘This enzyme has been 1mmob111sed in many fash1ons onto var1ous

support materials. For.eXample, it has been immobiiiSed by the

“diazo'method'using pprou5'g1ass, by ionicvbonding method using

DEAE—ce]iu1ose, and entrapping methods using polyacrylamide gel

and ce11u103e acetate (Chibata ‘1978) The first‘praCtical

¢

- 1nvo1ved 1nvertase Tate and Lyle were 1ssued a patent for the

A
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‘ ////N

’,s1mu1taneous 1nvers1on and decolourlsat1on of sugar ]1quor by

pass1ng it through 1nvertase adsorbed on bone char (Schwimmer,

. 1981).,

Due . to excessive'competttion from the corn syrup
industry employing immobiliséd glucose isomerase in their

production -of HFS, invertase is no longer of economical

dimportance.‘Ithis‘nou used mainly for analytical purposes E

(Schwimmer; 1981).

Enzymatic inversion employs a more ‘gentle' condition

| for hydrolysis of sucrose which gives a cleaner product with

e

" less by-products and henceé requiring less post. treatment or
Aref1n1ng The main drawbacks are the h1gh operatlng costs and .

“the cost of the enzyme 1tse1f

Hydrolysis with ion exchange resins |
The hydroTySis of sucrose -can be-carried out very

simply on a cation exchanger resin in the'free acid or'H+ form. The

’.sucrose solution is perco]ated through a strong ac1d exchanger'

ina heated co]umn The correct percentage of inversion is
obta1ned by vary1ng the temperature or the percolat1on speed.
The regenerat1on of the resins is carr1ed out w1th any d11ute.
mineral ac1ds most preferab]y HC1 or H2504 .

Ton exchange res1ns used usua]]y have a d1v1ny1benzene

"percentage or content ]ess than convent10na1 res1ns S0 -as to

facilitate the penetrat1on of the resin beads by the solute

Ed



- 3.6

' uhstah]e'chémical addition compo@nd called an adduct‘1s formed

‘(Roy and Mitna, 1972) However ‘the field of sugar-metal

.phenomenon has been used in the Steffan Process for recovery of
‘the.sucrOSe in molasses. (McG1nn1s, 1951) Adducts are formedt;h ok
" a sto1ch1ometr1c rat10 of 1° part carbohydrate to 1 part of meta?’
ion. Experlments to study the y1e1d of adduct 1n relation to : ﬂﬁtll; .

d1fferent mo]ar proport1ons of sugar have estab]lshed ‘that thee'

N s i . . \ K ‘ ..' . ) ‘ .
7pr0portion (Roy and Mitra, 1972) *Meta] ions stud1ed in adduc;

49

; i
(Hughes_et aZ.,,l952). Figure 13 showsua‘flow chart of invert  “w
sugar production by jOnhexchange resin as outlined by Hughes (1952).
[on exchange requires continuous operation and yields

a high quality oroduét. Init1a1 capital costs,and»operating costs,

‘i.e. regenerating chemicals, resin-makeup, sugar loss, dilution,

cooling, evaporation and waste regenerant chemical disposal are

Chigh. - SR

Separat1on of’ monosaccharldes

‘ The separat1on of g]ucose from fructose 1nvo]ves the

. format1on of comp]exes between these monosaccharldes and a]ka]1ne

earth metals or their hydrox1des (Mou11k and M1tra, 1973) An -

complexes is st111 largely unexplored (Angya] 1973)

¢ In the beet sugar industry the sugar meta] comp]ex1ng*:

'?-év,

7

s
RS

yield 1s‘h1ghestvwhen the components are'mixed in 1;1 mo]ar

formation are calcium, stront1um,\11th1um bar1um and s11ver:

(MouTik and M1tra, 1973) Moulik and Khan (1975) also found ‘



‘Figure
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Flow chart of “invert syrip process using strong |

cationic e§change,résin,;
(From Hughes et al., 1952.).-
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‘jyreduc1ng sugars

3f1,dextrose and¢8% ohgosaCChaNdes However when the desiped.

1?‘»‘There have been severa] patents on methods for

that reduc1ng sugars b1nd more strongly to meta] 10ns than non-y

The‘bqnd1ng process 1n adduct format1on occurs between

fhydroxy] grOUps of'the carbohydrates w1th meta] 1on (Mou11k and

"7M1tra 1973) The meta1 1on used can be from a so]ub]e sa]t

;f_f1xed on an 1on exchange re51n or s111ca ge] (Brlggs et aZ

‘ft';1981) Th1s complex format1on makes poss1b1e the separat1on of

A

~237‘» Commerc1a1 ‘corn syrup contalns 42% fructose 50%;};4

: jbof g]uCOSe from fructose becomes a necessary step‘}hbthe process

. of these sugars by 1on exchange res1ns (Samueron, 1953 and

f;Petersen 1975) The reSIns are not ut111sed 1n these systems

o

- o
-(Petersen, 1975) Monosacchar1des d1ssolved 1n ethano1 are »q“

Q,

' ::.1953) E]ut1on w1th ethanol so]ut1ons of gradua]]y reduced
ddtfconcentratton 1eads to the separat1on of the kugars CDther
)zfimethods 1nv01ve subyect1ng a syrup conta1n1ng fructose and

”glucose to a 3 1umn conta1n1ng a su]phonated po]ystyrene cat1on

i

Vvsgexchange ‘resin charged w1th an” a1ka11ne earth meta1 e. 9. Ca7+vuf"

‘<A-
B

2

&

5eor Ba” The e]uant 15 water Fe/91ng and e]ut1on 1s sequent1a1

1(e g ch]orwde) or a. hydrox1de. It can be 'free 1n so]ut1on or ﬁ'u”" '
f~x°some sugars on 1on exchange co]umns ?‘ _S‘f s;:l,fl7'1‘ .jff//'gj\'

:fcontent of fructose in the syrup is’ greater thah 42% ;eparat1on R

-ngas 1on exchangers but rather as chromatographlc adsorbents f;; FOR

;'adsorbed on an anlon exchange res1n (HSO3 form) (Samuelson, P

U s ) } ; ) | a7




and is. subsequent]y e]uted after g]ucose w1th a systemvof
.'h va1ves, var1ous fract1ons can be col]ected ~Some of the‘
Fract1ons are recyc]ed to ach1eve the des1red degree of o
l‘e." separat1on or fructose content Feed rates and operat1ng
temperature are 1mportant.parameters contr0111ng the ; @jf

eff1c’lncy of the separat1on (Petersen 1975)

'~~"3:7lslsomerisation a

370 _':ISOmer’isatiari of sugar|’ v

Isomerlsat1o‘ of sugar is def1ned as a rearrangement

‘ or an 1ntram01ecu1ar transformatlon of hydrogen atqms between .*"ﬂ'/

adJacent carbon ato‘s 1n a sugar mo]ecu]e (Casey, 1977) Thxs

*ng mechan1sm may be. 11 ustrated as follows. i;:v'if;;r' N ? v

:-tfA]dose?(e.g;'g1ucose)‘:ffﬁr'hKetOSef(grg;ffructose)"th,i;f:n

= In the commerc1a1 process lsomerlsat1on of g]ucose to fructose o

reaches an equ111br1um at approx1mate1y 1 1 rat1o of gTucose
10

to fructose Isomerlsat1on of sugar cah be catalysed by
Y »aIkaltne,condjt1ons_or-by,enzymesJ(FjguYE'14); ‘
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3.7.2

TIsomerisgtion of sugar with enzymes

GTUcose iSomeraSe cata1yses'the isomerisatiOn'ofv

g]ucose to fructose Th1s enzyme is a]so known as - xylose

f keto] 1somerase and 15 des1gnated by the Enzyme Comm1ss1on as‘

-~ E. C 5 3.1. 5 {ghe d1sc0very of keto] 1somerase revo]ut1on1sed
'the sweetener 1ndustry mak1ng the commerc1a] product1on of. HFS
fposs1b1e The under]ylng pr1nc1p1es of sugar 1somer1satlon are .
i:{rooted in. the ;ff 1nvestlgat1ons of the b1ochem1stry of the

:metabo11sm of carbohydrates w1th1n bacter1a1 and an1ma] ce11s

: ‘;fComp1ex carbohydrates are f1rst broken down to g]ucose wh1ch //

i,i1a then phosphory]ated to glucose 6 phOSphate An 1somerase

h_7m1xture of g1ucoSe 6 phosphate and fructose 6 phosphate (Casey, o

'7§;3¢M1977)

e

'then transforms g]ucose-G-phosphate 1nto an equ111br1um

‘ ~'of glucose 1somerase 1s cred1ted to a Japanese research team i

:'i .work1ng at the Japan Inst1tute of Fermentatlon (Casey, 1977)

::v1somerase He found that pure xy]ose wh1ch had been used as the e

””;equ111br1um react1ons of th1s enzyme '~7ffl,. ;?JfJf3

.'xfThese lnvestlgators stud1ed the effect of temperature, pH meta]

*mff1ons concentrat1on of substrate and oxygen on_the k‘"et‘cs a"d

Commerc1a11sat1on of the techno]ogy basgd on the__"

‘rf;fsc1ent1f1c f1nd1ng became fea51b1e when‘Tj‘asak1 (1966)

Sdlscovered a cheaper method for the product1on of g1ucose

T

MUCh of the work on the ut111sat1on and commerc1a11sat1on [

@

<



‘ so]e source of carbon for 91UCose 1somerase produc1ng organ1sm3' L

‘fcode be subst1tuted w1th a. much cheaper xy]an A W1de varlety'

of: m1croorgan1sms has been used in commerc1a1 preparat1on of .

the enzyme They 1nc1ude Lactobac111us, Pseudomonas,‘jtﬂi..

,*Act1nop1anes, Pasteure]]a Leuconostoc, Streptomyces and
N

"Aerobacter (Johnson 1976) ‘_‘.'fwf- T -;" ‘f"b | (”

The enzyme can be employed in the sé]ub]e or. 1nso1ub1e:

;(common]y‘referred to as 1mn0b111sed) form Econom1cs and o

‘F:f7operat1ng cons1dera@19ns strong]y favour the 1mmob111sed form

o }iln ta]l co]umns ca]]ed reactors These re

o MaJor corn syrup producers use 1mmob1hs§ glucose 1somerase
ctors can be operated‘
’_r1n serles, para11e1 or mov1ng*bed conf1gurat1on s1m11ar to

' _granu]ar carbon systems (See Flgure JO) Commerc1a1 1mmob111sed

"(1,glucose 150merase 1s genera]]y ava11ab1e 1n two forms a granu]ar 'T;i;
J O

.f(fand a f1brous or amorphous form Tab]e 2 11sts some of the

'v*“&maJor processors/d1str1butors of HFCS and g]ucose 1somerase L

‘o

‘ "ﬁ((Schw1mmer 1981)
: ) S _ ST . 4

G]ucose 1somerase has been ca]]ed the 'C1ndere11a of

B :‘a11 1ndustr1a1 enzyme processes dus to 1ts 51gn1f1cance in the B

o food sweetener 1ndustry (Barker, 1978) Th1s process of

1;'1somer1sat10nﬁcou1d cause a revo]ut1on 1n the pattern of wor]d

& 1 R

r'Xhagrlcu1ture s1nce 1t is’ now feas1b1e for each country to grow

‘f;*[cereal or root crops, whlch'prov1de the most econom1c source of

“,starch. to be converted 1nto 1ts own- 1nd1genous source of

“:‘-{sweetener to rep]ace much of 1ts sucrose requ1rement (Gramera 1978)

LN
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3.7. 3 Other methods of 1somer1sat1on

% MY

| The poss1b111ty of convert1ng g]ucose to fructose has
lﬂ;f been explored for over 150 years‘s1nce the c]ass1c 1nvest1gat1ons
‘,of Lobry de Bruyn and A1berda ‘von Eckstein on the a]ka11ne 2
' 1somer1sat1on of glucose (Schw1mmer 1981) It has since been
"known that glucose can be 1somer1sed to fructose by treatlng : :fA
’1t w1th a]ka]ine cata]ysts at: h1gh pH | | |

Many commercwa] patents have ‘been 1ssued for the g

/,.
/'

1somerlsat1on of D- g]ucose to D fructose Isomer1sat1on have
' been performed us1ng cyc]ohexy]am1ne a]ka11ne soTut1on
":conta1n1ng ary1 bor1c acids and macroret1cu1ar bas1c re51ns
{, fThe amount of fructose obta1ned by res1n 1somer1sat1on depends
ion a number of factors, such as res1n contact t1me, temperature,
:;;fso11ds ]eve] of the feed type of res1n met hod of “resin . "_
"regenerat1on, etc (Johnson,,1976) W1th a1ka11ne 1somer1sat1on;_,?d
Vlhowever, it 1s d1ff1cu]t to atta1n more than 40% fruct&se ';,r/'lf">
‘w1thout form1ng accumulated amounts of nondextrose and ngnfructose i
- ’}degradat1on products wh1ch resu1ts in the reduct1on of y1e1d <r":x~
- r(See F1gure 14). v’ | | HV. : | RO
| F1gure 15 shows a process for the product1on of HFS by | ;i
e

”5«a1ka11ne 1somer1sat1on of g1ucose W1th macroret1cu1ar bas1c res1n

| ;f(dohnson 1976) 1;"}f'?_‘ ﬁa ' ‘.“';:)}5h‘;
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4. EXPERIMENTAL
4.1 Purfficatfon of molasses - ‘ S
- 4.1.1 Ultrafiltration

4.1.1.1 1Materja1
v ~ Alberta final beet mo]asses of the 1981 campaign

‘ were obta1ned from Alberta Sugar Company, Lethbrwdge A]ta

4.1.1.2 Equipment - o - _
| | " De Danske Sukkerfabrikker~p1ate and'framelmodeli '
o LAB - 20 MODULE with 20 GR 8P membranes of 10, ooo nom1na1
}_ molecu]ar welght cut off Feed and operat1ng;umm was a hlgh
-‘pressure rec1procat1ng p1ston pump , De Danske Sukkerfabr]kker
DS RO - Division, DK - 4900, Naskov, Denmark .
| Braun Thermom1x 1480 c1rcu1ator B Braun Me]sungen;
West Germany ol | ‘

| ‘ M1111 -RO 60 water pur1f1cat10n system M1111pore

rCorp., Bedford MA

- 4,1.1.3 Procedure /
Approx1mate1y 3500 g (+ 50 g) of beet mo]asses was -

i‘,;made up to 10 L with Milli - RO water in a. stainless stee]

»contalner The dlluted mo]asses was analysed for pH, co]our,
:ash and sugar content accord1ng to the procedures descrxbed@

in subsequent sectlons, warmed to about 50°-C pr1or to be1ng ‘
_ : : ﬁ?

59



u]traf11trated

~ The u]traf11tratlon module housing the membranes

”and support p]ates were assemb1ed accordlng to the DDS LAB"

' MODULE operat1on manual No 1694 - GB - 0678 - 50.. Twenty GR- 8P

membranes together with 10 spacer and support p]ates were -

assembled g1v1ng a tota] membrane f11trat1on area of 0.36 m2.

A

' The diluted and warmed beet mo]asses was u]traf11trated

w1th the DDS LAB MODULE accord1ng to the operation procedure

S out11ned in section E- of the operatlon manual under the '

4.1.2.1

4.1.2

v fo]]ow1ng conditions: -

temperature 50° C o "( o ';'/

pressure of = 1000 kPa ( = 145 psi )

feed rate of 6 L/min

- A vo]ume concentrat1on ratlo of 2. 50 (VCR - rat1o of

jnitieT1feed vo]ume“to final retentate-vo]ume) was performed

. before the<operation-was terminated.

" The retentate and permeate were analysed for pH, total solids,
colour, ash and sugar content.

o

‘Powdered aetivdted carbon treatment

.

‘Material -

Powdered actlvated deco]our151ng carbon (neutra] -

Norlt) was from F1sher Sc1ent1f1c Co , Falr Lawn NJ .



© 4.1.2.2 . Procedure
The~permeate from u1trafiltration was decolourised

with activated»carbon in a batch .stirred method aCCordinglto
. , : . \

procedure described by Mantell (1968):under the following p

‘conditionS° | ' | o o
- a temperature of 65 to 70° C ' | ;;' // J

- activated carbon dosage of 35% of tota] so11ds

of the permeate | o
| : ]

—'contact time-of 35 to 45 minutes/

The actlvated carbon treated product was then filtered-

. through a Buchner funne] and the f11trate was ana]ysed for pH

‘co1our, ash and sugar content.

4.1.3'vDemineralisation7(Batch_method)

/.

4.1.3.1 Mater1als % . : . .

bed resln beads (See Appendlx II for spec1f1cat1ons) were

obtained from Flsher Sc1ent1f1c Co , Fair Lawn NJ

' 4.1.3.2 Procedure L - '\'_ S ”,
- " The filtrate from act1vated carbon treatment was |
part1a11y dem1nerallsed in a batch stlrred method by add1ng |
- mono-bed resin beads at the amount of % ; of the volume of the
‘so1ut1on to be treated

The re51n mlxture wa5r1n1t1a11y ‘sweetened-on‘ with

pure suerose squt1on of a concentrat1on 51m11ar to the

Sucrose crysta]s (C H, ) and Rexyn I - 300 mono- -
1222 11

61



4.1.4

- 4.1.4.1

4.1.4.2

4.1.4.3

activated carbon.treated mo]asses;

| The resin—fi]trate’mixture'was stirred s1ow1y for |
15 to 20 minutes at ambient temperature before it was filtered
through a Buchner funnel. The part1a11y dem1nera11sed solution

) : : J
was analysed for pH, colour, ash and sugar content.

Demineralisation (Column method),t

Materials . ﬁ » »
Sucrose crysta1s (C12H22011) and Rexyn I -300 -
mono -bed resin beads were obta1ned from F1sher Sc1ent1f1c Co ,

Fair Lawn, NJ., | o - -

Equjpment

, PharmaCia jacketed chromatography column K 26/40

| complete w1th f]ow adapters. reserv01rs (R 15 and R 25) and 3-

way va]ves, Pharmac1a Canada Ltd Dorva1 P Q.
ISCO fract1on co]lector, type 550, Instrumeht '

Specialties Company‘lnc., Lincoln, NE.

Procedure

| Approx1mate1y 100'mL of the mono -bed res1n m1xture

‘ was packed 1nto the chromatography co]umn and sweetened-on
: w1th sucrose solution accord1ng to the ' res1n paCkihg pPOCeduré"
vout1ined in Appendix I. A Mariotte F]ask set-up (Figure 16) was

;,used for ma1nta1n1ng the des1red and unlform flow rate Upf]ow

L

“or ascend1ng chromatography was used
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~R15
- reservoir

R 25

. ."
‘reservoir

R

Eluant
hydrostatic

pressure

- -

3-way valve ' ;

Pharmacia K 26/40
”‘chromqtography'¢01Umn :

@

R | RS _
Figure 16, A typical Mariotte flask set-up for maintaining '
' ' "~ _uniform flow rate, :



4.2 .

4.2.1

4.21.1

'Hydﬁo1ysi$fof’$u§rbse.

R A ‘ C
Materla]S ! *’.‘j( bnl?: ' o '1"

E

: Qhen the‘resiﬂgped had been proper]y equilibrated
and sweetened-on , the activated carbon treated solution |
was fed throuéh-the bed at the Flow rate of 0.88 mL/cmZ/min
at ambient temperature to a ‘total Of 4 bed vo]umes before
the opdration was termlnated

Approximate1y 6 mL_fractiohs were collected with a

. fraction, co]]ectof and éach fraction was analysed for ash

content The fract1ons were then m1xed and analysed for pH
: lé’ £ .

co]our and sugar e
e ’?y R R 4

Productibn of'HfgpffrUCﬁgse syrup

LR
5

SucroseVCrystals (C12 22 11) ACS grade were .

a obtalned frbm F1sher SC1ent1f1c Co., Fair. Lawn, N

'4,2.1.2

Ana]ytlca] grade cat1on exchange res1n in H form,

. AGY 50w - X4 were obtalned from B1o-Rad Laboratorles (Canada)

\

'Ltd » M1351ssauga, Ont \(See Appendlx II'for spec1f1cat1ons )

Codn, “a

e D",-‘- '

-

Equ1pment 3 ,
"L‘\ Pharmac1a Jacketed chromatography co]umn K 26/40

’“and comp]ete w1th f]ow adapters, reseryoirs (R 15 and R 25) and
i .

**.3—way va]ves, Pharmacia, Canada Ltd., Dorva1 P.Q.

 West Germany.

Braun Thermom1x 1441 circulator, B. Braun Me]sungen,

64
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42 13 Pmmemwe '15._f‘;u__.ﬂ,. h‘”f_op;i ;ew-f €

Approx1mate1y 100 mL of a strong cat1on1c exchange

res1n (H form)\was 1ntroduced 1nto the chromatography co]umn o

and sweetened-on w1th/sucrose so]ut1on accordlng to the ,_"7”"'

ST
res1n.pack1ng procedure out11ned in Appendlx I A Mar1otte

flask set up w1th ascend1ng chromatography as shown 1n F1gure

16 was uSed to ma1nta1n the,des1red f]ow rate
- o The hydrolys1s operat1on was performed at 60o C w1th
f??a feed flow rate of 0 19 mL/cm /m1n P tota] of 4 bed vo}umesac
’:ff}';were treated before the operat1on was term1nated '

vn‘fi The hydro]ysate &as ana]ysed for pH co1our an&

; -n_tsggar content. :;-fg'"“ffjff**"‘
’5[,‘;4“.;2;’; 2. '_s;eparaﬁanIof{\g]_ ucose and Fru
4 2 2 I"Mater1a1 | o » N | ‘
“rf;}?;_ﬁif-fiffé Ana]yt1ca1 grade catlon exchange reSIn 1n Ca2 |
| (See Appedd1x . for convers1onbprocesé and Append1x II for

Y

%%‘~y*¥‘ spec1f1cat1ons) were obta1ned from BIO Rad Laboraﬁor1es (Canada)

'ﬁ?fﬂf L‘d , M1ss1ssauga, Ont ~ji‘7'ff; qg”*[lg'7‘tfﬁ I

4 2 @ 2 Equ1pment . e;?,.”{;p)/

Pharmacaa jadketed chromatography co]umn K 26/40

f}?%ff5;ﬂgway va1ves Pharmac1a Canada Ltd Dorva] QP Q

65
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_ ,4!.'j2”.'2.'3

' {was charged into the chromatography co]umn acrord1n9 tO the f," *fff?{3%
u*:i res1n pack1ng nrocedure as out11ned in Appendlx I Aga1n a |
*fﬁhMar1otte f]ask set-up w1th ascend1ng chromatography Was USEd to h;‘

-“A.ma1nta1n the f]ow rate & a;*jrf,;7' ,tf;faov ,'HN’T 1-}3_¢1,1 |

‘ffof feed fol1owed by e]utlon w1th d1st111ed water accord1ng to
fjiﬁthohnson (1976) Part1a1 §eparat1on oF the monosacchar1de
md’fm1xture was aohleved‘éﬁder the ﬁgshﬁ

.:vof feed at 10% of bed vo]ume, opera%1ng temperature, 60 C

'.rftfeed and e]uant (d1st111ed water) f]ow rate of 0 25 mL/cm /m1n
| *iup to tube 55 were co1lected for each samp]e 1oad1ng Tube§\22 to o
"':32 were comb1ned together to form fract1on A and tubes 33 to 55
| :”to form fract1on B (F1gure 17) 'f;? 'c-: d}";”»f 5“ﬁz”t€‘ ijw.‘;*

| 5 fana1ysed for sugar content to p]ot the separat1on chromatogram \

L fract1ons, A and B were c 7_i

o : 4’") . ‘ ‘ K e : - .
ISCO fract1on co]]ector Type 550, Instrument I ¥

Spec1a1t1es Company Inc ) L1nc01n NE

!
A

.Brauh Thermom1x 1441 c1rcu1ator, B Braun Me]sungen,;“

| fWest Germany

4

Procedure - R »] _;‘. o ST TP
it AR NTOREE R
o Approx1mate1y 100 mL of a cat1on1c res1n in Ca form T Gb““ﬁ €4

WAL

3

A
The separatlon operat1on 1nvolved sequent1a1 feed1ng

vﬁg,cond1tlons 1oaﬁing f'dr';_e, h%f';

Fractlons of 1 32 mL each start1ng from tube 22 and

T

'\,

'\‘,.

Voo

In1t1a11y, the\1nd1v1dua1 1. 32 mL fract1ons were - \5‘ -

(F1gure 17) Once th1s had beeg.estab11shed on]y the comblned E tag,vj_1w;ﬁ

ted and ana]ysed for
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~j; pH;'colour and sugar. content:
| 412,317150merisatibn ,

,4 2 3 1 Mater1als c'51 4 | | |
‘ Dextrose crysta]s (C6H1206) anhydrous, ACS grade, S
‘were- obta1ned from F1sher Sc1ent1f1c Co . Fa1r Lawn, NJ

Ana]yt1ca1 grade an1on exchange res1n AG 1 - X4, )

e 1n OH form (See Append1x I for“convers1on process and Append1x

(Canada) Ltd M1ss1ssauga,v ’ ~\§hﬁ-;g

4 2 3 2 Equ1pment

[

PharmaC1a Jf(ke'Fd’ChronatographyFCOldmn'K‘26/4d '

- comp]ete w1th f]h.'adapters, reservo1rs (R 15 and R 25) and 3-

- way. vaTves, Ph‘ »ac1a Canada Ltd ) Dorva] P Q

“~‘»e ”’ Brau. Thermom1x 1441 c1rcu1ator, B Braun Melsungen, _.T(‘h

west Germany

4 2. 3.3 Procedure s
‘.[5ff:'L ’5- ~>Approx1mate1y 100 mL of an an10n1c exchange res1n

) 1n the OH fonn was packed 1nto the chromatography co]umn and

sweetened~on w1th dextrose solut1on accordlng to the res1n 'lf)-5f

. aig:;:,ff Fractlon A from the preceed1ng separat1on prOCess ,ﬁ :

packlng pro%edure out11ned 1n Append1x I A Marlotte f]ask

: set«up wﬁth ascend1ng chromatography was used to ma1nta1n the
_ flow rate 1(7”.‘?:o7:;“"7f l_u 1‘:123"5”“”3®,;1ff;;¥:'

II for spec1f1cat1ons) were oh%a1ned from B1o Rad Laboratd\ies.fu:(?

68
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| . was 1somer1sed at 55° c and a flow: rate of 0. 10 mL/cm /m1n
~The 1somer1sed fract1on was, then analysed for pH and sugar '

_v,content

£a

~_4.2!4 'H1gh fructose so]ut1on B
| | Product from the 1somer1sat10n step was comb1ned w1th

;fract1on B from the separat1on step to form the f1na-y,:

. 69

h{ﬁ4;3“ Beet co]ourant stud1es ﬂ”ﬁ"ﬂ .“

4 3 1 Fract1onat10n of beet co]ourants » ?;a - _
” 4 3 1 1 Fract1onat1on w1th Sephadex G - %53 g L ‘f
_ 4 3 1 1. 1 Mater1als ‘f]-fl;: f Jv ‘:.'tihtzd/ ; r”-{3.5f; £ -ﬂ:iiidvb}:iféﬁhpj-
” | ' -f' 100 mL burette a el Rt L %

L Sephadex 6 - 25 dextran beads (See Append1x II for
v'-'-spec1f1cat1ens) Pharmac1a Canada Ltd., Dorva1 P, Q '-f¢fb,; }‘ agpfii‘a

- 4.3.1.1.2 .Procedure | - ' Lo RRRNIA o
R "‘i‘}” o The fol]ow1ng procedure was based on the method of fﬁE‘FT“

»,'Vamos and Pozsar (1968) Rehydrated Sephadex G -o25 dextran beads”:
'h‘were packed into a burette A samp]e of d11uted beet molasses

’gffwas carefully app1fed onto the top of the column and e1ut1on :;»

;#w1th d1st111ed water was carr1ed out at a- flow rate Of 1. 0 mL/m1n;°j'-va7-‘

~

"”-fh a Beckman spectrophotometer'at d1fferent wave]engths

T

| The co]our fractloQ§ were co]1ected and scanned W1th »:"'



_j**4,3;1,2;z,

[

4.3.1.2

4.3.1.2.1

Maperials

E
et

Fractionation with Amberlite XAD ~ 2 resin

. \‘ :

1100 mL burette ¢

34.#,' :

Amber11te XAD - 2 res1n (See Append1x II for

‘ .spec1f1cat1ons) Terochem Laborator1es Ltd., Edmonton Altaa n@&,

”'~fonto the top of the co]umn

7beforeta samp]e of d11uted beet mo}asses was careful]y app11ed

Cmbmetd uwm mmﬂneﬁ

¥ 3

:hed w1th approx1mate1y 3 bed vo1umes of 95% methano]

In1t1a11y, e]ut1on was performed w1th X methanol

. @w‘%‘ .

o at a flow rate of 1.0 mL/m1n unt11 a]] the unadsorbed co]our

"?Jfract1on was e]uted Subsequent e]ution of the adsorbed co1our ,

432

4.3.2.1

.v ’.‘ g ;" . N . L 5
Preparation ofisynthe§%§f;coloura%§s SRR

ffMateriaTs':fe

fractlon was performed w1th 95% methano] conta1n1ng 0. 01 N HC]

e«?t} ”b“*

':at s1m11ar flow: rates

The colour fractlons were co]]ected and scanned w1th

ey

"'1a Beckman spectrophotometer at d1fferent wave]ength

O L

Dextrose crystals (C6 12 6) and sodlum hydrqxide f‘

1.,



- the,metnod”descr1bed by Cookson et aZ. (1970)
433

(~4.3,3,;

4.3.3.2

‘”vamode*under the follow1ng cond1t10ns. T SRS ;"u‘i,l-f?' ;vfi?_

Falr Lawn NQ

:pe]1ets ACS grade, were obtalned from F1sher Sc1ent1f1c Co.,.

Qa

‘D‘w ]y51ne and g1yc1ne ‘were obta1ned from S1gma ﬁ

fChemical Co., St. Louis, MO.

o 9
Procedure | o
- o The synthet1c coTourants were prepared accord1ng to

Nave]engbh sean of synthet1c and beet mo]asses co]burants

r

B V.i, : : ‘ N
ZMater1als _q? a o - o (Q'/ S

kf' Beckman DU - 8 spectrophotometer Beckman Instrum@nts

Iac , Fu]]erton CA .

Lo

Mi%llpore Swinnex -, 13 filter ho1der and 0. 45 un )
type HA memprane f11ters,>M1llipore'Ltd M1ssissauga,

-J"

PrpeeQUrei_?" )
Operatlng cond1t1ons

SRR ,The spectrophotometer was operated 1n the programx

P

- A

read1ng in Absorbance un1ts .

5

éllt width of 0 50 nm :

wave]ength scan Speed of 50 nm :

start1ng wavelength of 700 nm:

f1na] wave]ength of 240 nm

G,

71



A‘_ﬁ‘___“‘ . . . (‘A- . . | 72 g

3

wavelength scan I S fn;
| The colourants were f11tered through a 0.45 pm

" membrane fjlter-(M1111pore) before'wavelength scans ‘were

‘performed"Appbopriate~d11htion of3§§mp1e$ was made when
éf<necessary so that the absorbance read1ngs were kept below

¥

p-E

4 0 ng_lngﬁrument was blanked aga1nst appropr1ate so]ut10ns
fw.of>e1uants used in the co]our fract1onat1on of beet mo]asses

~and aga1nstvwater 1nvthe case of synthet1c colourants.

L



" 4.4

C 4.4.1

.

Ana]yticaT technique

ngh performance 11qu1d chromatography (HPLC) analysis of

. sugars

4.4.1.1

Reagents

Aceton1tr11e and methano] HPLC grade, Eisher

| Sc1ent1f1c Cor, Fa1ryLawn, NJ..

Fructose, dextrose and sucrose ACS grade Fisher

: Sc1ent1f1c Co , Fa1r gawn M.

4.4.1,2

8

Raff1nose and mannose A]dr1ch Chem1ca1 Co ,

~.'M11waukee w1

M1111pore M1111-Q water system M1111pore Corp . MA;

N

“Eouipment

“HPLC unit .1‘2£f | | |
E Beckman Mode}/llo A pump, Beckman Inc ; Fu]lerton CA.
2. Whatman SoY@econ preco1umn, 25 cm X 4 6 mm ID packed

with 37 -~53 um, s111ca ge] and Whatman Guard co]umn 7 cm X 4 6

5 W

- mm ID packed M]th 30 - 38 um octadecy]s11ane coated pelllcular

V.

'_Vbeads, whatman Inc., Clifton, N,

| Pharmac1a Canada Ltd Dorval, P. Q. - ,E i o

fCorp , N\]es, IL

3. Waters uBondapak‘Carbohydrate co]umn 30 cm X 3, 9 mm

- ID packed w1th 10um pack1ng, Waters Sc1ent1f1c Ltdm,YBOrva1 P Q

q, Phanmac1a Refract1ve Index Mode] 1103 PJmon1tor,_

_ s
5 Po]ysc1ence Polytemp Mode] .90 c1rcu1ator, Po]ysc1ence

-
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" 6. Cole Parmer Model 355 recorder, Cole Parmer, Irvine,
CA.
'L\*

¥ " Sample preparation. equﬁpment :

1 Millipore Sw1nnex - 13 f11ter ho]der and 0 45 ym type
\_HA_membrane fllters, M1111pore Ltd., Mississauga, ONT,
‘2. Waters'Sep—Pak»CIS' cartridges,vWaters Scientific
Ltd., Dorval, P.Q. |

_4.4.1.3 Prbcedure )

4 4, 1 3.1 Chromatograph1c equ1pment

i

L The HPLC system used in this research was an 1socrat1c

set«up con31st1ng of a Beckman Mode] 110 A pump and equ1pped

w1th a Pharmac1a‘Mode1 1103 P refractive index monitor - detector

The HPLC wa's ‘fitted with a Nhatman So]vecon co]umn before the
injector ‘A'whatman C0'Pe11 0DS guard co]umn was f1tted prior
to the. waters uBondapak Carbohydrate co]umn for protect1on

| A Polytemp c1rcu1ator bath was used to ma1nta1n the

P témperature of the detector at,25° C.
R 0perat1ng cond1t1ons N R \

y The fo]low1ng COnd1t1ons were emp]oyed in the
analysis of sugars by HPLC: ‘f f ) |
- the mobile phase comp051t1on of aceton1tr11e water
(M1111pore M1111-Q system) was 75 25 rat1o ("/W)’. |

‘_:- flow rate of the mob11e phase was 1, 80 mL/m1n

-

| O
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4.4.1.3.2

4.4,1.3.3

Sample preparation
‘Samples were first diluted to a 1 to 5% range_of

sugar concentration (a ‘pocket refractometer was used as an

' approximate check). The di]hted sampies were filtered through |

. descr1bed by_Damon and’ Pett1tt.(1980).

4.4,1.3.4

-

to a sample and observ1ng which of the peaks on the

’chromatogram 1ncreased in he1ght

7:;‘.3..

a 0.45 um membrane  filter (Mi]]ipore)pand'then through a
Waters Sep-Pak Ci8 cartridge according to Waters Sep-Pak
cartr1dges 1nstruct10n sheet No. IP82904

uma : x '
The prepared samp1es were then ready for the ana]ys1s

'Samp]e ana1y51s \§{\

A m1n1mum of 5 rephcates for each samp]e (20 ' .
were ana]ysed for sugar content accord1ng to the- -method :

Uy, .
C g E . =~

Identifioation and quantitation of chrdm&tograms
o . g ’ ‘

P Identification of samp1e components were. carried out

-

~ by comparing thelr retention t1mes w1th those of pure

standards. These were further conf1rmed by using a techn]que

called- ‘'spiking' which invo]ved add1t1on of a known ﬁtandard

Quantltation of sugars in the samp]e was performed

us1ng peak areas and ca11brat1on ceeves of standard sugar’

so]ut1ons. AT ca]ibrat1on curves were l1near in the 1 to 5 .

(w/v) range Figure 18 and 19 show a typ1ca1 chromatogram of

75 .
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4.4.2

4421
- 4.,4.2.2
4.4.2.3
4.4.2.3.1

. 4.4.2.3.2,

' :,'=-of Sugar Analysfk (ICUMSA) (Schne1dee, 1979);

fout11ned by the Internat1ona1 Comm1ss1on for the Unlform Met

a mixture of fructose, mannose, glucose, sucrose and raffinose,

AN

" and of diluted beet molasses, respectively.

A n' c, "‘..(
Spectrophotometric measurements ‘

'Reagents‘ | : A
o 4 N HC1 and NaOH so]ution-‘“ - ;'1 o
Millipore Mil1i-Q water system, Millipore éqrp.,“MA.
Equ1pment ke B o '11 L ‘\ - f‘ml
Spectron1c 20 spectrophotometer, Bausch and Lomb |
New York, NY. . | |

M1111pore Sw1nnex - 13 f11te# ho]der and 0. 45 um type

N ?

HA membrane f11ters, M1111pore Ltd ’ M1ss1ssauga, Ont
Procedure - T e 0T ¥

Sample preparat1on

'~f\f ," Samples were adJusted to a pH of 7.0 and'f11tered

through a 0. 45 um membﬁane f11ter (M1111pore)

v/“-‘ :
Spectrophotometrxc colour measurements of samp s*%f*f¢i~':

v

Samp\es were measured at 420 nm ac 6rd1ng to procei:re
: )
d:

/

ApprOpr1ate d11ut1on of samp]es were made when
e

| o
.necessary so -that the Absorbauce values were kept w1th1n the -

~

xS

78

,renge of 0 OS to 1. 00. Three rep]icates were neasured for each samp]e {:1;f"
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4 4 3 Ash content measurement5~

o 4 4 4 pH measurements

ff‘4 4 5 Total so]1ds measurements s

<
[
[

e .
N . R

Ash.content waSJmeasured in conduct1v1ty un1ts i
e

1'(m1cromho/cm) at 25° (o} wath a Wescan Mode] 212 conduct1v1ty i dﬁ’#

© meter equ1pped w1th a ‘model 219 - 700 d1p ce11

e f, Standard so]htlons of NaC] were made to obta1n :j(ﬂ*-

L T'ca11bration curves (F1gures 20 and 21) and read1ngs of samples?‘

e were then expressedkln terms\of NaC] concentrat1ons U v*\

[ Q‘f - The d1p-ce11 and the 1nstrument was callbrated 1n a
; KC1 standard so]ut1on, supp11ed by the manufacturer accord1ng '

to the lnstrument s operatﬁon manua1

Dal
v\

scale F1sher pH meter mode] 230

L \\:,

| Tota1 so]1ds (t.s ) contents of samples (5 rep11cates)
were determ1ned by dry1ng samp]es 1n a]um1n1um d1shes for 24 :
hours at 70° C and 17 4 kPa (25“ Hg) vacuum.'f;v{ jk“j:;jr:'.’

T s was ca1cu1ated as a percentage of" the or1g1na1

~

\\\ pH measurements of samp]es were made w1th an expanded”"'J"'

79
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5. RESULTS "AND" DISCUSSION T
‘5. 1 Compos1t1on of Alberta beet molasseS»*'_ _
| i / The compos1t1on of’ ATberta beet moTasses together:
'_w1th a typ1ca1 compos1t1on of beet and cane mo]asses are o

~_;shown 1n Table 1. Sucrose content of ATberta beet moTasses

eta

‘“vwas not s1gn1f1cant1y d1fferent from that of
' ‘”1s a ref]ect1on of the degree of exhaust1on of the mo]asses o

-dUYTng the Sugar bo111ng and crystaTszat1on processes,: QQ R

\

the tvpacal beet | ”_:d

’ ‘evespec1a11y the f1naT sugar crysta111sat1on process 1n the 10w ;'f.,:

r.':raw crysta111ser The degree of exhaust1on eﬁ—me%asses var1es
**‘but 1s most]y governed by the reta11 pr1ce of sugar and what

; use 1s made of the Fana&—products moTasses ‘T | _

o : Nelther raff1nose nor gTucose was found in Alberta B
3ﬁ;beet moTasses However, 1ts fructose content was 51§n1f1cant4yij»
vih1gher than the amount of 1nvert sugar of beet moTasses p; '
::reported by McG1nn1s (1951) but was cqmparabTe fﬁ“that 9f canef'“

_mo]asses reported by Meade and Chen (1977) The presence of

'bf.1nvert sugars 1n moTasses can he attr1buted to the storage

'lpdof raw beets and/or process1ng cond1t1ons empToyed 1n the sugar fg

."}jmanufacturlng process Stud1es have shown that repeated
. foffreez1ng and thawlng dur1ng storage cou]d cause an 1ncrea$e 'T
”§b1n 1nvert sugars 1n the beet (Ivory, 1980) The h1gher fryctose z:}
1_content—coqu be an’ asset 1n the produ¢t1on of HFS from '
L , *cﬂ,'_‘ﬁ, : A



mo]asses as fructose is the desired monosacchaw1de 1n the\f1na1

product However, the quant1ty of fructose in the HFS was also

- e e A

dependent on the process1ng cond1t1ons used 1n 1ts manufacture Sl

i

‘ such as the ac1d¥: cond1t1on dur1ng the hydro]ys1s or bas1c

cond1t10n dur1ng the 1somer1sat1on N 'w e "‘R B
IR, , R T

Ash content of A]berta beet molasses as measured by R R.

SR I SN,
,“ the conduct1y1ty method was s1gn1f1cant1y ]ower than that of the AT

Ca11forn1a beet mo]asses reported by McG1nnls (1951) Th1s fiw-

differedce cou]d be due to e1ther the var1ety of the beets,;lz.w

¥

'» cultura] practxces and the 1ocat10n they were grown, or the {f:’

- J

téchn]qUe used for ash analys1s It wasfnot c]ear what method

1

was emp]oyed‘to determ1ne ash content of Ca11forn1a mo]asses,_pgﬁ'

but 1t 1s poss1b1e that other techn1ques such as wet ash1ng

w1th su1phur1c ac1d m1ght g1ve a h1gher va]ue for ash content

rt was lnterést1ng to note that a sed1 ent was present in

d11uted Alberta beet molasses? This sed1ment cou]d be due to

: y» the presence of 11me sa1ts as i1m1ng was practlsed dur1ng the‘ e
"5' sugar manufactur1ng process; Because of low so]ub111ty of 11me :
saTts their preSence m1ght not be detected 1n the conduct1v1ty

measurementsﬁaﬁd hence Tow: ash content of the mo]asses was g

sA
A»"-l B

recorded S

2 Ultraf11trat1on
» U]traflltratlon was used 1n,the pur1f1cat1on process
‘ to remove beet molasses co]ourants and suspended so11ds The

3

process removed 65 7% of the or1g1na1 colour of the d11uted ," R



e
e = e . ;-, n e
hfraw beet mo]asses (F1gure 22). The-permeate appeared much
‘;11ghter 1n colour and requlred much~1ess quant\t1es of act1vatedf
_ carbon for further co]Lur remova1 than the or1g1na1 d11uted S

'fi;molasses Since the u]traf11trat1on membranes used were of _

;%;&0 000 nom1na1 M W. cut- off, 1t was qu1€e ev1dent that about
‘,65% of the co]ourahts/present in A]berta beet mo]asses had M. w f

. greater than\io 000 However with cont1nued use the se]ect1v1ty_
fvof the membranes m1ght change, a110w1ng the retent1on of |
mo]ecu]es of sma]]er M. W at the expense of f11trat1on eff1c1ency,

L Ln add1t1on to colour remova], sed1ment of Time: sa1ts
in. the d11uted mo]asses was a1so removed This was evident by
_ the c]arlty of the permeate wh1ch was med1um brown 1n co1our o '

'?(Flgure 23), and the appearance of the sed1ment on the\ultra-

ffl]tratlon membranes and 1n the retentate
‘ U]traf11trat1on afso resu]ted in the reduct1on of

- 1. 9. and 26 4% of fructose and sucrose respect1ve1y, in. the

-»,permeate (Flgure 24 C) A greater reduct1on of4sucrose 1n the

kf%ultraflltrate could be due to the larger. size of "its molecu]e _ iﬂ S

. as compared te fructose or to poss1b1e comp]ex format1on dgu;
between sucrose and beet 1mpur1t1es e g beet co]ourants,;
co]1o1da1 compounds, etc y reduc1ng 1ts ab111ty to traverse |

“fthe mEmbrane L o “ | f i | |

_ | There was no change 1n pq of the mo1asses after |

"jultraf11trat1on (F1gure 25) Th1s m1ght be construed that
colgurants_and other 1mpur1t1es removed 1n the process were.

g
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basidal]y neutral and played no part in buffering capacity of

the molasses. There was,a slight increase in the conductivity

(ash content) of the permeate after ultrafiltration (Figure 26)..

. Much of the metal ions having small M. W. must have passed
through‘the membranes, resulting in the increase,
Total solids content of the retentate and permeate

increased practically in direct .proportion with the operating

“time of the ultrafiltration operation kFigure 27). The increases

. could be attributed to the changing'compositfon of‘the feed.
S1nce a s1ng]e -stage batch recycle system was used with the

retentate be1ng recyc]ed back to the feed tank as more permeate

- con51st1ng of water, sugars, 1norgan1c sa]ts, etc. was be1ng

withdrawn, the feed compos1t1on changed cont1nuously, becom1ng
more concentrated. Increased COncentration‘WOuld reduce the
diffusion coeff1c1ent in the fluid and increase its v15cos1ty
These reduced the rate of transfer of water to the membrane
| and hence reduced the f1ux through the membrane (Cooper 1980)

Thxs was - reflected in the 1ncreases in the absorbance va]ues of

"both the retentate and the permeate (F1gure 28) and s1gn1f1cant

'-_1decrease in the permeate flux rate (Figure 29). Referr1ng to the'

equation in section 3.2.1,‘1.e. J = K ( AP - A y{ R+ R ),

resistance,_Rb, due to eoncentration po]ar1sat1on and fouling,

,.oc¢prred to.a,high‘degree shortly after.the commencement of the o

'operation. This was clearly;shown by the rapfd decline in the

" ‘permeate flow rate. The phenamenon was further confirmed after

89
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the term1nat1on of the operat1on when ‘the. modu]e was decompressed
. and the membranes were carefu]]y exam1ned and found to have a

s1gn1f1cant amount of<sed1ment and a ge] T1ke Tayer on the A
| surfaces of a]] the membranes More substant1a1 accumu]at1on r

of the mater1a15 was found on the membranes cTosest to the.
'1n]et termwna1 of the modu]e Another 1nterest1ng observat1on

L was the s]lght 1ncrease in the 1n1et pressure as the operat1on

T progressed Thxs coqu a]so be due to the fou11ng of the

membranes Cooper (1980) stated that osmot1c pressure, al, was ,ff{

3g. a s1gn1f1cant factor determ1n1ng the f]ux rate 1n reverse ::

' osmos1s Thls s due to the accumu]at1on of m1croso]utes, e g

sa1ts and sugars, thCh have h1gh 03m0t1c potent1a1 However, i

1n u]traf11trat1on essent1a11y on]y macroso]utes eLg. prote1ns

o and c01101da1 compounds are reta1ned These macroso]utes

have a much 10wer osmot1c potent1a1 and hence AH has a’

ne91191b1e effect on the f]ux rate of the uTtraf11trat1onl_j'vi”

pY'OCQSS . Co : . L ".'://

) _ The loss of sugars dur1ng u]traf1]trat1on,iamount1ng
to 55% of the or1g1na1 sugar content (Tab]e 3); was the |
h1ghest 1n the ent1re process Th1s loss occurred through the

dlscarded retentate,as the recyc11ng was stopped once the S

: RS R
- _v01ume concentrat1on rat1o of 2: 50 had been reached The Toss '.x'

cou]d probably be m1n1mlsed on a commerc1a1 sca]e by us1ng S
3»5 e1ther 2 mu1t1«stage ser1es or paralle] operatlon as. shown

1n sect1on 3.2. 2. T Lli"”” f:":i;"i *Td‘fcxa/'.f‘"
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. Isomerisation .

- Table 3.
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Sugar 1oss and galn at various steps 0f process1ng L

_ ca1cu1ated based, on sugar content of the start1ng

A mater1a1 for each un1t operat1on
. T

|
!

Processing step.

!

4 f{; Loss 7
Overa]1 process o

 3(Ga1n %)
,Sucrose Fructose G1ucose

‘ PUr1f1cnt10nvbe<“

'mo1asses S

ﬁU]traf11trat1on

R Actlvated carbon
"{-nDemlnera11sat10n

R ngh fructOSe syrup

Lproductlon

 "fo¢r01yS1S hn.is, n :
ﬂWSepération-f\gt]’;_?f

55.01 - o

5.97
. (16.98)

(18 62)

RORSE
“;;(2540115“‘

'jss;as

T

4.89

o

P

15, 19 ;j=f;-}:i
(34 33) —_

"‘((/~ni'»
-.,a_//tv1_;- ~

S o— sl 93
— . (29.37) (14.66) ~
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Some prob]ems assoc1ated w1th ro]onged useHOf'the‘

membranes were exceed1ngly s1ow f]ux rate of the permeate

,.(a reductlon of about 50% of the or1g1na1) and sta1n1ng of. the_.

'membranes However 1t was found that 1f “the membranes were

c]eaned accord1ng to the manufacturer S 1nstruct1ons short]y ."

f’afteriuse cont1nued operat1on shou]d_not affect theJr‘1ntr1ns1c,‘a'j'

;‘f}uxlrate‘signjficantlygsfv oy

_Powdered act1vated carbon treatment

Powdered\act1vated deco]our1s1ng carbon was used to .,-tf°d“-'

S remove carbon—adsorbabie co]ourants and other 1mpur1t1es e, g

*dl]uted beet mo]asses (See F1gure 22) The trea"'

”__a s]1ght 1ncrease of pH from 6 60 to 7. 00 after carbon treat-'

hcarbon treatment removed 27 5% of the or;

co11o1da1 materlals, 1n bee moJasses as another pur1f1cat1on

step before 1t was furtherapur1f1ed by dem1nera11sat1on

e, The ot

1na1 co]our of the

h'removed 6&)% of sugars (sucrose and fructose) through a sorpt1on }f:f '

by the powdered carbon (See F1gure 24 D and tab]e 3) There was';«;a,

' ment (See F1gure 25) Ash content a]so 1ncreased s]1ght1y from

‘ 1. 12% to 1 15% ca]cu]ated as % NaC] (See F1gure 26) Th1s 1s due k

'd-_to the 1neffect1veness of the act1vated vegetab1e carbon 1n the ;~

-3remova1 of ashes as compared to-bone char (Mantel] 1968 Heroes, e

'1974 1977) Hencei\\h add1t1onaT pur1f1cat1on step us1ng mono- '

—

bed res1ns to remove the rema1n1ng ashes was necessary before the

{mo1asses\cou1d be hydrolysed The co]ourant adsorptlon “f7]V."J“t;



'-"Freund11ch equat1on (ManteTT 1951) ,2*: kC

'; ’of uTtraf1Ttrated ATberta beet’ mo]asses on 'Nor1t powdered

r,character1st1c of powdered carbon cou]d be descr1bed by the

;ﬁ‘; -

. For the adsorpt1on

1 decoTour1s1ng carbon_(Flgure 30) the equat1on,was‘y = 33. 42xO 304.)
~'The.adsorption isotherm pTot basedVOn this equation‘coqu be -
Tvdsecr1bed by the equat1on X ‘= —0 294 + 0. 860c (F1gure 31) h
' .7 It is apparent from the curves shown ln F1gure 30'
':that success1ve carbon dosage 1n equaT 1ncrements produced a)f
”)fgraduaTTy d1m1n1sh1ng effect on the ab111ty of the carbon to. 7‘
1vremove the beet coTourants The 11m1t1ng dosage was reached at
';approx1mate1y 35%»0f carbon (w/w) based on’ the tota] soT1ds of
T¥€the so]ut1on to be treated (F]gure 30) "_ ,"’41, _vr),‘”u,
| | hi’use of synthet1c organ1c res1ns for the LT.) A

: deco]our1sat1on of uTtraf1Ttrated molasses was aTso stud1ed

t LSeveraT types of re51ns were. tr1ed These 1nc1uded Rexyn 201 CT

"‘form (a strong base an1on1c exchanger) Amber11te IR - 112 Na
| iform (a strong ac1d cat1on1c exchanger), Dowex MNA - l CT form

'-(a weak base an1on1c exchanger), and Qu011te S - 761 adsorbent

'lﬁres1n (a granu]ar cross]1nked phen‘T forma]dehyde res1n) OnTy

"ﬂ‘Rexyn 201 was found effect1ve 1n the removaT of beet coTourants )’“'»‘ :

TN

e,

and its decoTour1sat1on curve 1s shown 1n F1gure 30 However,_*

o "

gon an equal adsorbent Toad1ng bas1s (1 e equa] we1ght of adsorbent//

vun1t voTume of so]ut1on to be treated) Rexyn 201 was onTy about L |
f-han as effect1ve 1n the remova] of beet co]ourants as compared

bdlto powdered act1vated carbon The exper1ments w1th synthetdc

ST e T e
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N

organic resins also confirmed the.resu1ts of Tu and Payne (1965) '
~ who found that the ma30r1ty of removab]e mo]asses co]ourants
vv'were,of a'hlgh1y anionic nature. This exp1a1ns~the_fact that
'hvthey Were more'conducive to removai.by a strong:anionie resin:”

. such as Rexyn 201 | V E : o . ‘ ' .
Res1ns have an advantage bver powdered act1vated - T
carbon with respect to their regenerab111ty. However, 1n1t1a1

cap1ta] costs of the res1n m1ght be a déterrent to its w1de o

usage in the sugar 1ndustry The econom1cs of the process w111
:d1ctate what type of adsorbents to be used

o | Co]our fractionation stud1es w1th e1ther Amber11te

T JXAD - 2 resin or Sephadex G - 25 dextran beads showed that beet

‘mo]asses co]ourants were composed of two fract1ons, a brown and

| ‘-a ye]]ow fract1on (F1gure 32) Sephadex G. - 25 dextran beads

» have a fract10nat1on range of. 100. - 5000 Daltons (See Append1x
';II for spec1f1cat1ons) When d11uted raw- beet mo1asses was

fractlonated on these beads, the brown preceeded the ye]]ow ‘

' 'f-fract1on in. the e]ut1on Th1s resu]t showed that the brown

- 'colourants have much greater M N s than the ye11ow co]ourants,
t poss1b1y greater than 5000 The ye]]ow co]ourants, w1th M w s .
: c]oser to the 100 - 5000 Da]tons range was e]uted much Tater =

| than the brown co1ourants .

Fract1onat1on w1th Amber11te XAD - 2 showed that the

"ye11ow co1ourants were more po]ar than the brown co]ourants

Th1s was apparent through the fact that they were more strong]y
o \\'%~\-\ ) ' )
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AFigure 32, Brown and ye]ﬁow_¢o1qur fractions of Alberta
| _beet molasses, :
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retained on theAXAD -2 resins and had to be eluted with a more. -
po1ar eluant, ie.v95% methano1 contaihing 0.01 N HCT, whereas. ;
ie]ution of the brown co]ourants'required only a‘§5% methano].v' |
| ‘U1trafi1tration would most 1ike1y’remove,morelbrown : T\' "
codourants than‘ye1low due to their greater M. w.s.”Further,‘it
has'been.known:that actjvated carbon are more effective in'the\
removal of htgh M. W. and'1ess po]ar-colourants'(Mante11”'1951). . \
-'MTherefore,'much bf the rema1n1ng brown fract1on in beet molasses e
so]ut1on wou1d be further removed dur1ng the subsequent act1vated .

fcarbon treatment Neverthe]ess, some of the ye11ow co]ourants

could be eXpected to be removed-by act1vated carbon as well as

e 4

the adsorpt1on process is not very spec1f1c ' : ﬁ\v

| In an attempt to elucidate the nature and or1g1n of
'the beet mo]asses co]ourants, spectrophotometr1c scann1ng over
“ 700 —‘240 nm was performed on the fq]]ow1ng_samp1es. Diluted beet
mo]asses betore and’after ujtratiltration, activated carbon

! L

treatment and dem1nera11sat1on mo]asses co]ourants fractionated
w1th Sephadex G - 25 ;nd Amber11te XAD -2 res1ns, synthet1c
co]ourants prepared by heat1ng g]ucose and g]ucose .with ]ys1ne
or g]yc1ne- and, 0. 09%‘(w/v) so]ut1on of‘caramel. The resu]ts‘
are shown ‘on F1gures 33 to 37. _ .

" In a11 cases, the scans showed strong absorpt1on 1n
- the U. V. region. The untreated d11uted mo]asses (F1gure 33,

u‘curve No. 1) showed peak max1ma at 340 and 275 nm. The ultra-,

,'f11trate had no detectab]e peak at 340 nm, but a wel] def1ned o
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,Peak‘at“275*nh (Figure 33 ‘curie No”'é)d The‘samP1es:treated o

-further w1th act1vated carbon and dem1nera]1s1ng res1ns aTso
:-d1sp1ayed 51m1Tar peak at 275 nm,,but w1th great]y reduced K
:~absorhance values (F1gure 33 curves No. 3 and 4) Co]ourants :
Tpffract1onated WTth Sephadex G - 25 (F:gure 34) demonstrated a peak

d~at 275 nm for both yeTTow and brown fract1ons, though that of

', the former was more prom1nent Those fract1onated w1th Amber11te

‘1f_<XAD -2 res1n (F1gure 35) aTso showed s1m11ar absorbance vaTues, h oy

"'but the peaks at" 273 nﬁuwere not as prom1nent as in the prev1ous

,gcase. CarameT so]ut1on showed a dlst1nct1ve peak at 275 nm B

"':if:(F1gure 36) Synthet1c coTourants (F1gure 37) dmnonstrated o
| ',e‘dIfferent peak max1ma f%f/dlfferent comp]exes Curve No 1 the ‘T:'

;"‘colourant produced by heat1ng glucose on]y, showed a weTT

: 3def1ned peak at 275 nm _Curves No 2 and 3, represent1ng ;
'“f»colourants produced by heat1ng glucose and 1ys1ne and g]ucose I

o iand g]ycine respect1ve1y, howed a relat1ve1y d1st1nct1ve '

g peak at 340 nm and a rather broad peak at’ 275 nm

o :'2;-' AgarwaT and M1sra (1972a b) assocfated the peak at 275

108

’!'nm WTth the presence of carameT produced by heatlng dur1ng process1ng"‘”

tand/or dry1ng of sugar They reported a we]] def1ned peak at 275

' o nm for both cane and beet moTasses The scan of carame] so]ut1on o

‘jh(F1gure 36) and the co]ourant produced by heat1ng gTucose soTut1on

o]

' (Flgure 37 curve No. 1) c]earTy substant1ated these f1nd1ngs

The same authors stated that melanoldlns d1d not show peak max1ma '

‘ffat 275 nm. However, the scan of the Ma111ard react1on products
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N

(F1gure 37, curves No 2 and 3) showed absorbances at 340 and .
275 nm Th1s coqu 1nd1cate that they were a mlxture of meTano1—
d1ns and carameT It 1s 1nterest1ng to note that these curves are
very s1m11ar to that of the leuted mo]asses Therefore, it could
: be concTuded that coTourants of Alberta beet moTasses cons1st :
essentwalTy of carameT and meTano1d1ns the former be1ng
predom1nant N _ - A | f : _
| The scan of the uTtraf11trate (F1gure 33 cwrve No 2)_"
.?' showed peak max1ma at 275 nm, w1th reduced absorbance va]ue and i
no detectable peak at 340 nm Th1s 1nd1cated that pract1ca11y aTT
meTano1d1ns and some: carameT were removed at th1s stage After ‘,T
£ act1vated carbon treatment there was a dramat1c reduct1on of i
i absorbance vaTue at 275 nm - (F1gure 33, curve No. 3), suggestxng
that most of the caramel coTourant was removed dur1ng th1s 3_ '
treatment The co]ourant was further removed durlng the e
dem1nera11sat1on step as shown by the sT1ght reductlon in the T f}[l'd
!absorbance value on curve No 4, F1gure 33 |
‘ In summary, therefore, 1t coqu be stated that A]berta
beet molassesiiqlourants con51sted of ye]low and brown fractlons
The majority of the coTourants were the products of carame11sat1on !

w1th sma]] contrlbution from Ma111ard react10n, occurred dur1ng

. sugar proce551ng R S ' ' g

'ﬁ.:, Another noteworthy observat1on in th1s spectrophotometr1ch
S ana]ys1s was that the measurements of beet moTasses coTourants -

at 420 nm over a w1de range of concentrat1ons appeared to obey



5.4

carbon’treated molasses was the'f1na1 operation‘in the'purifiCation -

';Beer‘s-]aw very well. -The-]inear relationship between absorbance

fva]ues and co]our 1ntens1ty of the product greatly s1mp11f1ed -

'the mon1tor1ng of changes in the product&at varlons_stages of

'the process

Dem1nera11sat10n [ R PR R

Deminera]xsat1on of the u]traf:ﬁ%rated and activated ..

“of beet mo1asses before the product1on of HFS The aim of ;;'95

_dem1nera11sat1on was to part1a11y remove the ash in the molasses

.

'x(ash present or1g1na11y and those contr1buted by the powder '

. /.
carbon dur1ng the carbon treatment) Excess1ve ash content cou]d

"_'reduce the capac1ty of the res1ns in the subsequent processes of

hydro1ysis, separatlon and 1somer1sat1on Both batch and co]umn :?

_methods of dem1nera11sat1on were attempted 31m11ar resu]ts
:fwere obtalned However w1th the co]umn method cons1derab1e v'.‘
tfproblem w1th mono—bed resin shr1nkage was . encountered when the
jt'feed was 1ntroduced to the bed caus1ng channel]lng of feed The fi“:
g; resin column had been prev1ously sweetened—on w1th the approprlate

isugar concentratlon Th1s shr1nkage prob1em cou1d therefore, not
'V;be due to- osmot1c d1fferences between the feed and the bed _ |
e'Accordlng to Khym (1974) dlfferent lons have d1fferent degrees jh
'*Cfof aff1n1ty for a partlcular 1on exchanger D1fferences 1n f .

5 degrees of aff1n1ty for the 1on exchanger could have a cons1derab1e Af

m’:influence upon the degree of shr1nkage or swelllng of the resin

| ’fnf;The ions with the strongeSt aff1"1ty fOF a PaY‘UCU]ar ‘°" exchange o

110



“reSIn Since dem1nera]1sat1on essentlally 1nv01ved an 1on exchange ‘

;due to the exchange of counter -~ions on the res1n Neverthe]ess,‘ _

resin'would produce the most~shrinkage in the bed made of that

‘ reactlon whereby catlons and an1ons of the feed soTut1on are

repTaced by hydrogen and hydrox1de 1ons, respect1ve1y, the

shr1nkage of the bed in the coTumn method coqu most leeTy be ‘

- a co]umn of mono-bed resin w1thout shr1nkage was successfu]]y

\

'made and a breakthrough curve for the dem1nera11sat10n of

[

uTtrafITtrated and actlvated carbon treated moTasses was obta1ned -
e‘(Flgure 38). The feed had an ash content (expressed as % NaCT)
"of 1, 15% (w/w) (See F1gure 26) Four’bed voTumes of feed were \
A treated before the tota? exchange capac1ty of the ‘mono- bed resin’

‘was compTeteTy exhausted (F1gure 38) In most cases, as in th1s

~one, “the breakthrough curve is typ1f1ed by a symmetrlcaT s

.nito be s]1ght]y greater than 2

| :conf1gurat10n The theoret1ca1 capac1ty of the mono—bed exchanger"
”-s‘was the bed volume V correspond1ng to the rat1o of ash content

‘.','of eff]uent to feed (C/C ) of 0 5. For th1s experlment v was found R

o'.,
@

Factors affectlng the capacity of an exchanger bed

Tare the exchange potent1a1 of the fons. to be exchanged the

»part1c1e size of the res1n beads, the f10w rate of the feed

'through the column, the operat1ng temperature, the comp051t1on .

,iof the feed§ and- the d1mens1ons of the co]umn (Khym, 1974) The

zdemineraTlsat1on by coTumn technlque was operated at amb1ent

)

b?f-temperature and a fTow rate of 0 88 mL/cmz/mln Comparlng both

- 111
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methods ‘the co]umn method was more comp]1cated but . more versat11e.

‘Depending on the degree of dem1nera]1sat1on des1red var1ous
fract1ons cou]d be co]]ected by a system of va]ves and vary1ng
- amounts of feed cou]d be processed Recyc11ng of the eff]uent
was a1so poss1b1e The batch process was 1ess versat11e in that
a- compos1te produat was obta1ned w1th the. degree of dem1nera11-
at1on dependent on the amount of resin used and the cond1t1ons
employed However due to. conSIderable d1ff1cu1t1es assoc1ated
_w1th the co]umn method a%] the subsequent demlnerallsatlon _:-.‘
:operat1ons used were batch process emp1oy1ng mono bed re51n added
at the amount of (v/v) of the amount of the . so]utlon to be |

'“ftreated A comp051te samp1e from the co]umn method and a samp]e e

' from the batch method showed a s1m11ar reduct1on (40 87%) of the .

' or1g1na1 ash content of the feed (See F1gure 26) Hence only |
‘h'partlal demlnerallsatlon was attalned More comp]ete dem1nerah-f

':jsat1on was possib]e 1f a h1gher res1n to feed ratlo was used
-‘However, the eff1c1ency of the process m1ght decrease as more

resins would be requ1red to, treat a unit vo]ume of feed Moreover,

c*.assoc1ated prob]ems of resin regenerat1on and operat1ng costs,

together with the cost of the regenerants and the d1sposa1 of
 used regenerants wou]d pose a\prob1em On the other hand the
_succeedlng operatlons a1so 1nv01ved synthet1c organ1c jon

. exchange resins and 1t wou]d be des1rab1e to have a feed that

-as much of 1ts ash removed as p0551b]e A more hlghly dem1nera11,e$*"

'feedgfor,the,succeedlng operat1on of hydro]ysxs, separatxon and ‘

113



: ‘operatlng costs on an: 1ndustr1a1 sca]e At thlS point, it is not |

P 114

: isomerisation wduld mean 1onger operating cyc]e and reduced

’%

p0551b1e to postu]ate what percent of dem1nera11sat1on is opt1mum.

Only a detailed process and economic analys1s of the dem1nera11sat1on (L

: and preceedlng unit’ operat1ons can g1ve a c]earer p1cture : " .

In add1t1on to the reductlon of the ash content 4%

f'of the or191na1 co]our of the d11uted mo]asses was a]so removed

(See Flgure 22) The removal of. the colour cou]d be attrlbuted

to~both ion exchange and adsorption phenomena (Meade and Chen, 1977)?~

The pH of the dem1nera]1sed so]ut1on a]so decreased 319n1f1cant1y

from 7 00 to 5, 00 (See F1gure 25) The reason for the pH drop was

not clear A 18 62%. 1ncrease 1n tota] .sugar - occurred dur1ng th]S .-

'.‘process due to sweetening-on (See Tab1e 3)

5.5

_Hydro]ysis‘

~ Hydrolysis .of Sucrose'wasfthe first unit operation in.

";the production of HFS. A strong’cationic resin in the HY form was

|

'vused to sever the egcos1d1c bond between g1ucose and . fructose

'-'1n sucrose mo]ecule The strong catlon exchanger in the H form

7(can be cons1dered as a.so11d strong»ac1d‘ Th1s exchanger cou]d

_ act as a cata]yst in certa1n aqueous reactlons 1f the soJutes
. present can penetrate the exchanger matrlx and undergo react1on

'w1th the active counter -ion (H )-of the exchange mater1a1 As was‘

8 a]so stated by Hughes et aZ (1952) 1on exchange resins used in

ahydro]ySIS of sucrose shou]d have a d1v1ny]benzene content less o



‘ than convent1ona1 resins so-as to fac111tate the penetratlon of
the resin beads by the sucrose mo]ecules The. res1n emp]oyed in
'.the present experlment'(81o Rad AG 50W - X4) had a ]arge pore
s1ze with only 4% d1v1ny1benzene cross]1nkage (See Append1x II
for resin spec1f1cat1ons) Hence penetratlon of the resin- by
'sucrose mo]ecu]es shou]d not be a prob]em Th1s was ev1denced by
lthe comp]ete hydro]ys1s of the sucrose “in- the feed mater1a1 at

a feed f1ow rate of 0. 19 mL/cm /mln and operatwng temperature
;of 60° C. Four bed vo]umes of feed was passed through the co]umn'
,before'lncomplete hydro]ys1s%occurred. The 1ncomp1ete hydro]ys1s

OCCurred as a result of the resin'poiSOning through the éexchange

.. of catlons - from the feed which had not: been comp1ete1y dem1nera11sed,

: :Thls caused the re]ease of H ions 1nto the aqueous system g1v1ng
rise to the s1gn1f1cant drop 1n 1ts pH from 5.30 to 2.20 (See
F1gure 25). The rate of hydro]ys1s could be contro]led by the

;’feed rate and operat1ng temperature An 1ncrease 1n the operatlng
. temperature or a decrease in tha feed rate would increase the

rate of hydro1ysis However there are drawbacks to both

'conditlons Prolonged exposure (1 e. s]ow feed f]ow rate) to
h1gh operating temperature cou]d cause. sngn1f1cant deterloratlon

of the hydro]ysate (P1gman, 1948) The hydro]ys1s cond1t1ons

employed in th1s process (0. 19 mL/cm /m1n at 60° C) could be 2 S

: 11tt1e ‘'severe as they produced a s]1ght increase in co]our (5 66%

’ 1ncrease 1n 0. D. ) of the hydro]ysate -as compared to the feed-

'b-(See F1gure 22). However HPLC ana]ys1s of the hydro]ysate did

VAR
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not detect other compoundsvexcept fructose and glucose. This

x,wasrprObably,due"to;the-fact that ‘the impurities produced during

~ the hydrolysis were removed from,the'sampie during the treatment

chwith-a Waters C18 Sep—Pak cartridge The light yellow hydro]ysate :

was almost colourless after the f1]trat10n treatment A maJor
:port1on of the yellow co]our was . reta1ned at the top of the
f11ter bed of the cartridge as a yellow band. The yellow co]our
comp]exes cou]d be po]ar and/or non- polar as the f11ter mater1a1
in the Sep—Pak cartr1dges was 618 (Octadecy1s11ane) bonded to

- silica. Non-po]ar Jmpur1t1es would pe adsotbed on the C18‘phase

and.pd1ar_materia]s Wohid,most']ikely.be adsoerbed to the silica

- matrix.

"A furthér eVidence of probab1e degradation of the ..

. monosacchar1des dur1ng the hydro]ys1s was a 10.46% sugar 1oss

' ,hdurlng the process (See Tab]e 3). Reférr1ng to Figure 24 E the

xfructose and glucose contents of feed mater1a1 were 1. 56. g/lOO mL

H..and 13 03 g/100 mL, respect1ve1y As complete hydro]ys1s of .

~ sucrose took place theoretica]ly we should obta1n a total of

8 08 g/lOO mL of fructoSe and 6.52 g/100 mL of g1ucose However,”o

‘”the actual sugar contents found in the hydro]ysate were 7 15%
for fructose and 5 91% for g1ucose (F1gure 39 F) 1nd1cat1ng a

“1oss of 11 51% and 9.36%, respect1ve]y The loss of fructose was

”'greater than of glucose, probab]y due to it be1ng more react1ve .

o Another 1nterest1ng observatlon was that colour

'-compounds'qr1glna11y present in the feed was reta1ned 1n the
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5.6

top layers 6f-the resin bed, Whilq those formed during hydrolysis
was never retained on the column. This points to the difference
in the chemical and/or physical natures‘between the hydrolysis-

induced'coTourfcompounds and those originally exsisting in the

" molasses. - ,

Separation

The separation process was carried out to separate

 glucose from fructose so that g]uense could be subsequently

4

‘isomeriséd to increase the tructose content of the final product

(HFS) A ca1c1um charged resin was used 1n the separat1on of the

3

monosacchar1des ‘in the. hydro]ysate Part1a1 separation of g]ucose

“from fructose was atta1ned (F1gure 40) with glucose e1ut1ng
llbefore fructose Petersen (1975) stated that resolut1on of
- monosaccharides depended on operating var1ab1es in the separation'

‘ process such as e]uant flow rate, s1ze of the resin dmp]oyed

operat1ng temperature and sample load 'size. When. the fo]]ow1ng

'condit1ons were used 0.25 mL/cm /m1n eluant flow rate feed load"

for each cycle of 10% of bed/volume -and operat1ng temperature of

60° C,‘the resolution obtained was 0.57 s1gn1fy1ng only part1a1

jseparation,of the mpnosaccharides.‘A decrease in eluant flow
~ rate, size of'resin and feed load, .or anfincrease in operating

temperature should increase the degree ‘of resolution. ‘However,

su1tab1e condit1ons to be used in the 1ndustry wou]d depend on

h the operatlng‘character1st1cs of eaeh p]ant and the des;red
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B end product , ”h"‘fe o li-_}d;'f: _’,"fr”:.; f_.d- j - t‘dttfh
As can be seen from F1gure 40 var1ous comb1nat10ns
f of pure or. m1xtures of fructose and gTucose syrup could be 7
obtatned-by emp]oylng a system of valves to coTTect and comb1ne ,:u‘r
'avar1ous fractlons to obtaln the de51red product compos1t1on ’Inve;' o
ft1ndustry, recyC11ng of the v&r1ous fract1ons through a complex
'viTsystem of vaTves and pumps 1s p0551b1e to atta1n a better degree hfff"
o i;of resoTut1on (Petersen 1975 Johnson 1976) The sampTe 10ad1ngd7
‘le:factor 1s determ1ned by the capac1ty of the coTumn, 1 e the ;31 :
Trﬂtiexchange capac1ty and voTume of the resin used The peak vo]uhe “pi'f
| ﬁfor g]ucose wh1ch preceeded fructose 1n the eTut1on was between~ ’
::7;firthe 28th and 29th fract1ons and that for fructose was at the 38th2f‘pjl
5fract10n f_;: T : » BT o
A\‘ v Accord1ng to Khym (1974) a vo1d volume for spher1ca1 vbd p‘
~'beads,,packed 1n a coTumn w1th a d1ameter of z lO t1mes that of g
i;‘the beads, is approx1mate1y 40%eqf the totaT bed voTume The L:i?;k':'dg
vh_glucose elut1on voTume obta1ned 1n th1s exper1ment was approx1mate1y 'fgvtfu;f
h:f38 mL whlch 15 very cTose to the voxd voTume Th1s 1mpT1es that o
;there was aTmost no retentlon of gTucose by the res1n, i.e. T1tt1e'
‘M‘por no compTex format1on between glucose and bed mater1aTs occurred
'vitFructose on the other hand took Tonger to eTute through the i
;cglcolumn Th1s coqu be due to some degree to the complex
: ,Zformat1on between fructose and Ca2 on the res1n e 9. the o

‘it;format1on of an adduct of ca1c1um fructosate (Petersen, 1975

'f Johnson 1976) Br1ggs et aZ (1981) 1nvestlgated the use of



- the compTex was a]so more. stabTe In aqueous so]ut1on the

“,'th1n layer chromatography as a s1mp1e means of reso]utlon of
“m1xtures of carbohydrates after compTex format1on w1th meta] 1ons b
2+
such as Cug and Ca . - They reported that D;fructose formed \

po]yhydroxy compound w1th Ca2 more eas11y than D-g]ucose and

.{ﬁcompTex1ng react1on is rever51b1e Therefore, the compTexed .
'fructose coqu be uncomp]exed or v1ce versa dependIng on the

h;fsurround1ng cond1t10ns, unt1] an equ111br1um 1s reached The

“]};same authors aTso reported that about 9 1% of fructose 1n the

‘ -so]ut1on woqu form compTexes as compared to onTy 1% of gTueose

1 ;f ‘Th1s seems to exp1a1n the reso]ut1on behav1our of the monosacchar1des(;b*

"t1n the separatlon process qulte weTT
- Fract1on A of separat1on product consxsted of fract1ons

"-22 to 32 1nc1us1ve and had the foTTow1ng character1st1cs an

tiwaabsorbance vaTue of 0 221 (See F1gure 22), a pH of 4 52 (See

ffiibFigure 25), and gTucose and fructose contents of 3 12 g/lOO mL

(;and O 16 g/lOO mL respect1ve]y (See F1gure 39 G) The rat1o

*Z'}by we1ght of gTucose to fructose was 20 to 1

-

Fract1on B cons1sted of fractlons 33 to. 55 1nc1us1ve;
(and had the f0110w1ng character1st1cs an absorbance vaTue of 3
QLO 064 (See F1gure 22), a pH of . 5 25 (See F1gure 25), and gTucose ﬂf;‘
" and fructose contents of 0.9 ¢/100 nl and 2.68 /100 mL, - -
(jrespect1vely (See F1gure 39 G) The rat1o by we1ght of gTucose ff,{-,f““VT i
af_‘lto fructose was 1. 00 to 2. 71 f ' ' h s

Dur1ng the separat1on process there was about 4% fon

. 3\;



5 7 Isomer1sat1on'

R V-1

ey

d11ut1on of the product The feed had a gTucose and fructose

| T_” concentrat1on of 5 91 g/100 mL and 7 15 g/lOO mL, respect1ve1y : ﬁ*f‘. Lo

(See F1gure 39 F) From F1gure 40, the max1mum concentrat1on of

gTucose obta1nab1e w1th the separat1on cond1t1ons emp]oyed was Tv

5, 75 g/lOO mL hence, a d11ut1on of 2. 71% The max1mum f

concentrat1on of fructose obta1nab1e was 4 30 g/lOO mL,

d11ut1on of 39 86% Therefore, fructose was d1Tuted approx1mate1y

'»: 14% t1mes more than gTucose Th1s was mostrprobably due to the §

. /
greater re51dence tlme of fructose 1n the coTumn as compared to

gTucose thus gett1ng eTuted w1th greater voTume of eTuant

The cho1ce of the separatlon cond1tons adopted woqu

- vary accord1ng to des1red resuTts A h1gher resoTutlon of a

mlxture could poss1b1y be atta1ned at the expense of process1hg ,f"
t1me The most potent determ1n1ng factor woqu most T1ke1y be v
the type or types of the product warranted by the market
situation The sugar ga1n 1n th1s process was 22 71% (See Tab]e 3)

e i

Isomerlsat1on was carried out to 1ncrease the fructose o

content of the flnaT product@%ésomer1sation of the g]ucose feed :
R - . n
(Fract1on A) was performed in a chromatography coTumn us1ng a,f.fl‘>7~'

‘strong base an1on1c exchange res1n 1n OH form The feed f]ow
"h"a.:rate was Q 10 mL/cm /m1n and operat1ng temperature was 55° C‘af -
"fa_thhe gTucose content of the feed was . 3 12 g/lOO mL and fructose S e

TSTCOntent was 0 16 g/lOO mL The,asomer1sed product had the

/

‘f
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. ,foiiowiné Characteristics"an absorbance valuefof'o 200, a pH'of ;

""-8 75 (See Flgure 25) g]ucose and fructose contents of 1. 26 g/lOO '

"mL and 2. 09 g/lOO mL respect1ve1y (See F1gure 39, H) Th1s

‘f”represented the 1somer1sat1on ratlo (fructose content in product

egX 100 /. tota] sugar 1n product) of 62 39%. L ‘ S

' When the resin bed was sweetened-on 1ts co]our changed
from ]1ght brown1sh ye]]ow to dark brown However, th1s d1d not

- ﬂappear to affect the co]our of the product wh1ch rema1ned

“1arge]y unchanged throughout the process Regenerat1on of the

"5ﬂre51n w1th NaOH re]eased much of the dark brown co]our 1nto the

' so]ut1on “but . never restored the res1n to 1ts or1g1nal colour

[f'The colourants could be the result of the degradat1on of mono- -

ﬂ‘sacchar1des at hlgh pH. and temperature (P1gman, 1948) The 2 40% S

h~fdj'ga1n of sugar dur1ng the 1somer1sat1on process (See Tab]e 3) cou]d :

i'be attrlbuted to the sweeten1ng—on process

The degradat1on of sugars a]so gave r1se to the

‘;stresence of smal] quant1t1es of by—products in the 1$omer1sed R

"Esolut1on (F1gure 41 peaks 1, 2 and 3). The 1dent1t1es of the by—

R

',:products have not been e]uc1dated However accord1ng to Conrad :_:]5_' 1

"{ ’11ke1y be D- ps1cose (D- a11u105e) Another poss1b1e a]ka11ne

ﬂulsomer1sat1on by product D-mannose was not detected Hon1g -
':_(1953) stated that when strong bases such as NaOH were used 1nf'

~f°ﬁsugar 1somer1sat1on fructose would be produced whereas when ,

'gt]weak bases such as Ca(OH)2 were used D«mannose wou]d 11ke1y be the

;“t(‘and Palmer (1976) one of them e1ther peak 1 or 2 cou]d most :»V*‘f'"t"""



product 1nstead of frictose. d : .i L R 'x ;ﬁ.

P

| Isomer1sat1on react1on in an a]ka]1ne cond1t10n is
> dependent on: pH and temperature ngher pH and temperature w111
nlproduce hlgher 1somer1sat1on rat1o but w1th greater ‘amounts of -

by products (Johnson 1976) The 1somer1sat1on reactlon is. an’

}equ111br1um react1on in wh1ch the product fructose, has an effect a

- on the f1na1 concentrat1on Many attempts had been made to’ f

"fincrease the fructose content in’ the product One of these 1s the

p‘add1t1on of borates to comp]ex the fructose be1ng formed S0 . as to

‘~jsh1ft the equ111brium towards the production of. more fructose _t'”

,"(Johnson” 1976) In th1s exper1ment a typlca1 1somer1sat1on
,fratlo obta1ned was 62 39% thCh is comparab]e to that obta1ned

'h;by Johnson (1976)
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6. ‘SUMMAR’Y
| _ a | L
| Con51der1ng th1s study as a who]e therefore,_1t could
| be conc]uded that’ convers1on of A]berta bEet mo]asses to HFS 1s».
;techn1ca11y feas1b1e, us1ng the process as proposed However, the -
- overall econom1cs of the process will. decide whether it w111 be u~“
J;used 1ndustr1a11y ‘The processes of act1vated carbon treatment
fffand dem1nera11sat1on hydro]ys1s, separat1on and 1somer1sat1on .
‘dhw1th synthet1c res1ns are we11 estab11shed and numerous patents f%'
‘on the subJect have been 1ssued The u]traf11trat1on techn1que k
_as app11ed to diluted beet molasses is new and much more research
1pto understand the underfy1ng pr1nc1p1es, the performance the
':’def1c1enc1es and the econom1cs of the process shou]d be done The
b;‘bottle—neck‘ experlenced in. th1s process cou]d be " re]ated to -
'}fultraf11trat1on However, S1nce only the plate and frame mode]
"de51gn was used it cou]d not be conc]uded that the process is
not su1tab1e for moIasses Other des1gns such as tubu]ar, sp1ra1

wound etc , must be tr1ed before any genera] conc]us1ons ‘are

' _drawn Another p0551b11ity is to use u1traf11tration as a

'.tsupp1ement to other deco1our1sat1on processes rather than as the
.,_'f1rst un1t operat10n in the process Th1s may 1mprove 1ts Tf'f.
v'eff1c1ency | : _ o A ,.‘
‘ _ ., Synthetlc organ1c re51ns used in deminera11sat1on,‘p'
"h hydrolys1s separatlon and 1somerlsat10n have the advantage of

= ‘regenerablllty When compared to enzymes they have a much longer .
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life span It 1s the nature of the substrate wh1ch will dictate

'bwhether enzymes or/res1ns are to be used 1n the. product1on of

HFS from beet mo]asses The substrate even after 3 pur1f1cat1on:

steps,/1s not suff1c1ent1y pure or c]ean for further process1ng
by the enzymes present]y ava11ab1e of course1‘1f a 'super-
fto]erant' enzyme cou]d be produced the s1tuat1on m1ght change

| k' " The" f1na1 product high fructose sugar solut1on, was .
-2 comb1nat1on of fract1on B from the separat1on step and the

'~product from the 1somerlsat1on process It had “the fo110w1ng

"~character1st1cs ‘a c]ear 11ght yellow co]our of 0. 125 Absorbance

unit (See F1gure 22), a pH of 5. 72 (See Flgure 25); a total sugar ;'
v-content of 3 12% (2 06% fructose and 1 06% g]ucose) (See F1gure kY

-39, I), and a tota] so]1ds content of 3 25% The product tasted

“sweet w1th a sl1ght sour after taste and had a 511ght re51dua1

'(-odour of beet mo1asses Theﬂfructose content of the f1na1 product

was 66 0% by we1ght of tota] sugar and, hence cou1d be sultably

concentrated to a h1gh fructose syrup (HFS)

Depend1ng on what the product is 1ntended for, further .

'treatments apart from concentratlon, may 1nc1ude deco1ourlsatxon, .

.'add1t1on of preservat1ves and deodour1sat1on Conventional

:concentrat1on processes such as mu1t1«stage evaporatlon, reverse

“osmos1s or freeze concentrat1on may be used However co1our ;m;;.l
' ‘g_deve1opment may be a prob]em 1f the process 1nv01ves h1gh

'{“temperature Vacuum evaporat1on at re]atively 1ow temperature

‘may m1n1mlse the prob]em of co]our development and prov1de .

.‘(‘,
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added - benefit.of -odour removal 'Reverse osmosis»has been used
‘H'to concentrate products such as whey prote1n but may not be
vv1ab1e for th1s product because of the high- cap1ta1 and operatlng
ﬁcost 1nv01ved Further decolour15at1on w1th act{vated-carbon-and/
or syntheqlc PﬁSlnS is a poss1b111ty. The add1t1on of preservat1ves
_1s unnecessary 1f the product is: concentrated to greater than 40% t
| t s. With its. h1gh fructose content crysta]]lsat1on of the
syrup will not be a prob]em and hence 1t may: be advantageous to
_}concentrate the product as .much as poss1b1e to 1mprove storage
].stab111ty and reduce hand11ng, storage and transportat1on costs
| As a sweetener the res1dua1wmo]asses odour and the
s1lght sour after taste requ1re spec1a1 attent1on in dev1s1ng
'further treatments The co1our of the product is acceptab]e if
_.1t is used as a tab]e—top syrup or asvan lngredlent in the
| manufacture of other prqﬁucts such as canned or baked goods ‘
, _For the beverage 1ndust7y, however proper deco1our1sat10n and '

'V’deodour1sat10n of the product are necessary

The econom1c fea51b111ty of the proposed process,

) depends essentia]ly on- the pr1ce of sweeteners from other processes'

such as the trad1t1ona1 cane and beet sugar 1ndustry, “the h1gh

| fructose corn syrup 1ndustry and other compet1t1ve sweeteners such

; as art1f1c1a1 sweeteners Intens1ve research 1s under way 1n the
‘?f1e1d of b10eng1neer1ng through enzymo]ogy to deve]op ways to
h:ut111se the abundant supply of ce]]u]ose mater1a1 to produce

,glucose syrup wh1ch can. be 1somer1sed to HFS (Gramera, 1978)

»
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vTh1s can be a very attract1ve source of sweetener 1n the future,

It may be -argued that the use of beet mo]asses as a

'raw'mater1a1'for-the production of HFS.1s a poor choice since it

‘can be converted to Many other valuable commodities e.g. rum,

dimportant chemlcaIS and pharmaceutlcals etc However, thls

study was 1n1t1ated to show 1f Alberta beet molasses wh1ch has

“had rather 11m1ted use heretofore cou]d be converted to HFS.

Towards that goa1 the study has dem0nstrated that it is.

techn1ca11y poss1b1e Whether 1t is econom1ca11y v1ab1e depends

/
- on the industries concerned and the future market situatlon.f
] . / . . :

/
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SUGGESTIONS FOR FUTURE RESEARCH,

%here ére severa]xareas of academic as well es_practica1
1nterest which requ1re more research These 1nc1ude | ’

1 Elucidation of chemical and phys1ca1 natures of |
.colour1ng components ‘and other 1mpur1t1es 1n Alberta beet
' mo]asses ‘This wou]d a1d in the de519n of more eff1c1ent
pur1f1cat1on.processes. _ | ‘ | , ,

2. More thorough%stggggg of ultrafiltration as a unit
noperation in .the removal of colour components and impurities in
the molasses. ‘ - | | | | o |

| 3 U]traf11trat1on membranes most su1tab1e for the
remova] of molasses colourants and 1mpur1t1es. The1r ‘kinetic
, behav1ours dur1ng f11trat1on fou11ng effect and means to
minimise or rect1fy it. \
v | 4. The use of enzymes as an a]ternat1ve method to
hydrolyse and 1somerlse pur1f1ed mo]asses
5. Pilot p]ant stud1es of the proposed process;
6. Further ref1nement and concentratlon of the

f_product to. su1t var1ous uses.

7 Econom1c eva]uat1on of the process
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APPENDIX T

Wash1ng and regenerat1on procedure for exhausted res1n
‘ (Batch method) ‘ '

-

7decantat1on

The exhausted' res1n was f1rst transferred to a 1000 mL

beaker and excess sugar or feed so]ut10n removed by

Y

;hSuff1c1ent quant1ty of d1st111ed water was warmed to about

50° C 1n a separate beaker IR
. : N T

.'The res1n was then m1xed w1th the warmed water (approx 1 2) ,_f

’.and st1rred on a hotplate/st1rrer for 5 to 10 m1nutes before o

v_:through a Buchner funnel

- 1:decant1ng Res1n f1nes wh1ch m19ht have accumu]ated durlng

the exper1ment were a]so removed at thlS stage

;-Wash1ng and decant1ng were repeated severa] t1mes unt11 the !f

| *5;supernatant was free or had on]y trace of soluble sol1ds as B

hecked by a pocket refractometer

{HThe res1n was then slurr1ed 1n dlst111ed water and f11tered .

-

The sem1-m01st res1n was transferred from the funne1 1nto a.

| "1000 ml_ beaker and washed W1th e1ther ethano] or methan01
: ;,by st1rr1ng the res1n-a1coho] m1xture slow]y on. a magnet1t

e st1rrer for 5 to 10 m1nutes before decant1ng the super- f"

’;:natant

1



ﬁ';ANIONIC res1ns 1f the OH form was des1red wh11e a 5% w/V' T

ERRRPSENN

f“fmagnet1c st1rrer followed by decantat1on was performed u't11
"s_“the res1n was comp]ete]y regenerated Substant1a] excess 0 S
‘ 'f7regenerant was usua]]y used to ensure that the reSIhs were: - :

i jwe11 regenerated as: there was no stra1ght forward and fast

'h-was des1red

.eThe a]cohol washlng process was repeated tWO or three tlmes

‘ 'before the f1na1 wash1ng w1th d1st111ed water and regenerat1on.

. For an ANIONIC res1n, a. s1ng1e washing with a 5% w/v. so]ut1on
of ‘an ac1d (eg HC]) was des1rab1e to remove any rema1n1ng

d bas1c compounds before the regenerat1on step “'e"

~

’.,For a CATIONIC res1n, a wash1ng w1th 5% w/v so]ut1on of a basef
?7(eg NaOH) was des1rab1e to remove any rema1n1ng ac1d1c ,d}/7'

- compounds before the regenerat1on step

;;iA 5% w/v so]ut1on of NaOH'was used for the regenerat1on of |

““solut1on oé HC] was used for CATIONIC resins 1f the H 1form

;“Repeated st1rr1ng of the res1n w1th\the regenerant on a_f%vif

i'fmethod bes1des t1tratxon to check if the regeneratlon was'm::

'pCOmplete

. The regenerated res1ns were then washed w1th cop1ous quant1ty
”dof d1st111ed water To ensure that the res1ns were complete]y

"‘thfree of the regenerant the pH of the supernatant of the

RN

* -
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: wash1ng process was checked The wash1ng was term1nated when
) vthe pH. of the supernatant was 1ess than 8 for ANIONIC res1n E
nand more than 6 for CATIONIC resin. -v"

. . . ;-
..The regenerated res1ns were f1na11y s1urr1ed in d1st111ed

,water to ass1st in the transfer to a Buchner funne] where
| they were f11tered under a ‘vacuum: and stored in the sem1—

mo1st cond1t1on .f' *ﬂ £



Washing and regeneration procedure for exhausted resin.
. (Co1umn_method). ' |

Co1umn wash1ng method was more. effect1ve than the '

bbatch method as 1ess d1st111ed water and regenerants were requ1red

to atta1n the same degree of wash1ng However, 1t took cons1derab1y

: more time . to accomp]1sh.

also a551sted i

.'D1st111ed water was warmed in a beaker to a temperature of

50°tand was transferred to~the R 15 or R 25 reservo1r of

the chromatography column.

.'The 3-way va1ve was sw1tched to d1rect the flow of the eluent

f

‘through the resxn bed in the column.

;,The f1ow rate can be adJusted to any des1red value by ra1s1ng
- or 1ower1ng the reservo1rs Usually 2 to 5 bed volumes per hour e

'was adequatevfor thls sweeten1ng-off' and wash1ng process

.iOperat1ng the co]umn at a temperature h1gher than amb1ent f.'

% the wash1ng operat1on

The effluent was checked: per1od1ca11y for so]uble so11ds :
: '(mostly sugars) with a refractometer when the sugar was

'comp]etely removed, the flow wns term1nated

. In the regeneratlon step e1th»v ethano1 or methanol was used

‘*as e]uent

140



. The alcohol washing waS“performed at ambient. temperature at

x
A

~ the flow rate of’ about 2 to 3 bed volumes per hour. The

-washing assisted in remov1ng any organ1c 1mpur1t1es that

1may have been sorbed by the res1ns.

. Most a]cohol wash1ng requires 3 to 4 bed vo]umes of a]coho]

-

followed by distilled water to remove traces of the alcoho]

: before proceedlng to the next step in the regenerat1on process.

. As was with the bateh process"an AN[ONIC resin was given anv

ac1d wash and the CATIONIC resin a base wash1ng before the

‘regenerat1on proper

.xFor"an ANIONIC resin a 59 w/v. sdlutidh’of NaOH:waS‘uSed'with»“;

| a. f]ow rate of abdut 5 bed volumes per hour totalling

between 10 to 15 bed vo]umes S1m11ar flow rates and regenerant

‘quant1t1es of 5% w/v HC] were-used for.CATIONIC,res1n.~'

. The regenerated resins were washed with d1st111ed water at
¢ flow rates s1m11ar to that of the regenerant The wash1ng was

| i!term1nated when the pH of the eff]uent was <8 for ANIONIC

Ll

tb% and >6 for CATIONIC resin.

141



It was. 1mportant to _Toosen an end flow adapter of the co]umn o

at the 1n1t1a] stage of the wash1ng operation as the res1n

\
t

cou]d swell considerably and rupture the co]umn espec1a11y

when the preceedlng feed solutlon was qu1te concentrated



. 'Regeneration of '‘mono~bed! resin -

The regenerat1on procedure for a ‘'mono- bed‘ res1n of

vH and OH forms was 51m11ar to that of ANIONIC and CATIONIC
" resins gs outllned in the preceeding sect1on However, the

. CATIONIC res1n (H form) must be f1rst separated from the -

ANIONIC resin’ (OH form) This was done by suspend1ng the mixture

ina 30%. w/v sq]ut1on of NaCT. The ANIONIC resin be1n9f11ghter

. would float to thevtop:and‘cou]d be separated fnbm the heavier'

| vCATIONIC resin by carefu] decantat1on The resins. were then v

i

regenerated, rinsed and rem1xed in a beaker of d1st111ed water,
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Resin waéhing prOcedure of new CATIONIC resin 1n the H form
tused in the hydro]ys1s process.

The resin wash1ng procedure for ‘new" Wt re/Qn was
similar to that of exhausted're§1n for both batch and co]umn'
method55'and the washing was terminated when‘the‘pH of the

wash water >6;



Conversion of the C1~ form to the OH” form,

An ANIONIC Fesin in the OH~ form‘was required in the
1somer1sat1on step However, the resin supp11ed by B1o -Rad -
Laboratories (Canada) was in the C] form. Hence a ‘conversion
'of‘the €17 to the OH™ form was requ1red The. steps in the

conversion were as followed:
a. Thetresin was sjurried in distilled water and packed into a
Pharmacia K 26740 chromatography»co1umn_asvout1ined.in the-"

“‘resin packing procedure' sectiqn:

b, A 5% w/y NaOH solution was passed thrdngh the resin bed at -

_ ambient. temperature The f]ow ‘rate varied between 2 to 3

bed vo]umes per hour o _ IR

C c,;The eff]uent naS-checked for the Ci_Aion'withAO.lN AgN03 :
solution, A whlte prec1p1tate 1nd1cated the presence of the
- 1on s1gn1fy1ng an 1ncomp1ete convers1on of the res1n to
the OH form. A yellow or light brown prec1p1tate andlcated
that the brom1de ion was_present or that the so]ut1onvwas
too basic. . - - | |
‘d. The elution was terminated'when the eff]uent_was'free of CI°.

-_Nornally, 12 to 15 bed volumes of feed wasvrequiped for

‘complete,conversioniof the C17 to the OH™ form.

K}
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Conversion of the H' form to the calt form.

A CATIONIC resin in the Ca2 form was requ1red in the
separation.step. This was obtained by c0nverting the H resin

2+

to the Ca torm.'The steps inéghe conversion were as -followed:

a. The H res1n was s]urr1ed in distilled water and packed into

a Pharmac1a K 26/40 chromatography column. | - . . ‘ .

b. The,Coiumn temperature was maintained .at 60° C by meahs,of

a water bath and a circulator.

c. A 10% W/ v CaC]2 sb]ut{on was passed'thr0ugh the resin. bed

at an approx1mate flow rate of 3 bed vo]umes per hour.

d. The pH of the'eff]uent'was monitored. The“féed wasaterﬁinated1'

‘effluent was free of’the C] jon.
(See preceed1ng-sect1on for test on C1° ion)@

K
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.
s '

Resin packing procedure with the ‘slurry' technique,

a. 100 mL of resin in distilled water was measured into a
measuring cylinder, The resin was allowed to rehydrate fully

"end settled properly.

b. The bottom end f]ow adapter of the chromatography column
was 1nserted into the inner glass column before the res1n

was transferred into the co]umn.

&

“Cc. A smé11 amount of distilled water.(approximateiy 5'to 10-mL

depend1ng on the diameter of the co]umn) was poured On top

N . - ¢

of the f]ow adapterf

‘.

‘-d; The fu]]y nydrafed and meaéured resin wae carefully poured..

1 into the column in 5 to 6 sectwons by gently sw1r11ng the ’
‘resin dur1ng the pour1ngkpro¢ess to ensure that the resin :
was in suspens1on and f1owed as a slurry Hence, the name

s]urry techn1que o ” e PN
e. Resin particles on' the s{des of the column were washed -down
“with a wash bottle. ' 0 | L

a

f}iThe freshly poureﬁ.section was a]]owed‘ﬁo settle before the .
next sect%onvwas pouredr The supernatant nes rembved’When
necessary and add1t1ona1 slurry added unt1] the des1red
amount of resin ‘had been poured 1eav1ng aoout-2.5~cm, of

liquid above 1its surface.’

ey
e 14y
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P !

‘f g A1r bubb]es were removed by tapp1ng on the wa]]s of the N
\\‘column If th1s fa11ed backwash1ng the resin by revers1ngf e

the flow through the column m1ght help S _ullf_"f«@’ _r”m,-.‘

oo he An overa17 v1sua1 exam1nat1on of the ent1re co]umn pack1ngfﬁ.- TR ’

\f7v Owas performed before the top end f]ow adapter was 1nserted§fv ' ///f.

oo, Y A

P S A e ST T T o '7/ (R
TR R . . N S L

.?t /
4

";Ni,7M1xed bed (mono bed) columns were poured 1n very short sect1ons "*

7gas the cat1on res1n, be1ng denser than the an1on resxn, wodld

w?:_{settle faster resu1t1ng 1n an 1rregu1ar ‘ res1n d1str1but1on

fb:jj;\For res1ns that requ1re sweeten1ng-on the steps/from a
e tod preceeded sweeten1ng-on process Due to. osm6t1c

j'f}effects, the‘res1ns would shr1nk Sﬁé the co] nfendf€16u‘»ab

fadapters mlght need readjustment to obtain” a proper]y

"1jvxt_f;packed bed «=” l-if:;x",fif;i'u'f,)///'.frf_b?f:‘
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'lrrc,jThe re51n m1xtur was then decanted and the supernatant

L

: : 149
R E . ; \ ’.A“ : 1,» ‘;‘v
, 'Sweeten1ng~on procedure for res1«{‘{¢__ -
'h-(Batch method) o '
.'ﬁf’a The new or regenerated reSIn ‘was transferred to a 1000 mL
beaker ' | |

‘:’b,,Sugar so]utlon of appropr1ate concentrat1on was added to- the .{:_
.[reSIn The mlxture was st1rred slow]y for 15 to 20 mlnutes on- : ‘fj
' h hot p]ate/stlrrer | : & - fi

:"‘checked w1th a p;cket refractometer.y_‘

1 f,ﬂd.fThe procedure (“to c) was repeated several t1mes unt11 the e

“‘15_'solub1e so]lds concentratlon of the supernatant was 51m11ar .4.\“

+for use.

\

'VIto-the,sugar, 1ut1on s1gn1fy1ng that the res1n was ready



,'T'Sweeten1ng—on procedure for res1ns
- .(Column method)

t a. A measured volume of new or regenerated re51n was transferred / o

L p ocess._f:~;h',]'if Gi:,f

H
Vet
B Al
W

b

e

Syt ‘ g N

%

'to a chromatography co]umn acc@rd1ng to the res1n pack1ng _‘h5

'.procedure sect1on

pi”The end f1ow adapters of the co]umn were adJusted to form a

1 }

I 4,tlght1y packed bed ,'}.f ’ -'fv; i ‘3,.r' . = \.;’

1c}:Sugar so]ut1on of appropr1ate concentratlon was fed through

'f‘tﬁe co1umn -

'v'-

A v5d{,The effﬁuent was checked w1th a pocket refractometer and the‘

g I *flow~of the sugar so1ut1on was term1nated when the so]ub1e}

an

”4so11ds concentrat1on of th%geffiuent was s1m11ar to that of

‘_h"the feed A f1ow rate of 2 to 4 bed vo]umes per hour was-

a

: B
’usua]]y used If fac111t1es perm1'ftfe operatlon shou1d be

i

<hperformed at temperatures greater than ambIent th1s wou]d

;fa551st 1n speed1ng up the sweetenlng-on operat1on.'7f

“;e.kAf ‘r the sweetenlng—on procedure had been comp]eted the

'g¢En f1ow adapters of the chrdmatography column m1ght have to -

'-/be readJusted to form a we11 packed bed as- the res1n bed

c uld shrlnk due to osmot1c effects durxng the sweeten1ng-on /

y 15
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Resin: used

_Act1ve groups ‘ RSO3*’& R4N

*APPENDIX IT .

ey
I

in the demineralisation process:

'Miiéd.ned!or ?@oho-bédi;‘.
Cat. No # R- 208
| iREXYN 1- 300 ~

;Ion1c forms H /OH ENCh S
_”;Mesh s1ze 16 50 'v
nMo1sture content 54 5%’j ‘

“Total Exchange capac1ty i

“Wet volume =.0.78 meq/mL’

= Dry we1ght’= 1. 88 meq/ g,;;f;;

o ]F1sher Sc1ent1f1c,Company, Fa1r Lawn N J

151



1Ion1c fdrm H+

k_jn_the hydrolysis pracess;

Aha1ytica1ugfade Catidh:exchange'reéin: RS

jAG 50W - X4

c;at No. # 142 1341 R E

'Styrene type r'SU]f0n1C ac1d, effect1ve pore s1ze T

. 1arge o

“‘5

Mesh s1ze 100 - 200

& 5 ;Mo1sture content 64 - 72%

© o Wet volume
“_gf'Dry we1ght

Tota] exchang g,apacaty :
0 meq/mL
5 20 meq/g o

JI II

Bio~ Rad Laborator1es (Canada) ttdié', " '

o ;,M1ss1ssauga,
fa.Ont L4V 1H3
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‘Resin used .in ‘the separation process:

- Ana1ytica1 grade éationiexchangeAréSin"‘ E
- AG 50W - X4
. v‘—”Cat No # 142 - 1341 ’
} Styrene type -~ su1f0n1c ac1d, effect1ve pore s1ze =
L _ . 1arge R e
=;:—"16n1c form. "Caz ’ 'évbjfi e '
~(H form converted to Ca ’form,).' o
"a »—’Mesh s1ze = 100 - ?OO ~,;1._13q‘@“-5_1/‘,§.j

_5'M01sture content 64 - 72%

- .—_Tot | exchange capac1ty L e
We#*olume = 1,20 meq/mL .~ - S
Dry. We1ght 5. 20 meq/g R

'Il ll.

'F,B1o Rad Laborator1es (Canada) Ltd
g ‘.,‘M1ss1ssauga SR
o Ont. LAV 1.
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Re%bnwused‘1n.the‘isomerisation process:

27

-'Ana]yt1ca1 grade an1on exchange resin
- AG.1 - X8 o |
- Cat. No. # 140 - 1341

- Styrene type - quaternary ammonium, effect1ve pore
_ size - 1arge

- Ion1c form = OH '
"(C] form converted to OH )

,-*Mesh 512% 100 - 200

Y- Mo1sture content 59 - 65%
.5vTota1 exchange capac1ty
"~ Wet volume = 1.20 meq/mL
L Dry we1ght =3.50 meq/g ‘
- ‘Bio-Rad Laborator1es (Canada) Ltd., |

~~Mississauga,’ o = .
Ont’ L4V 1H3 -
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Resins used in-the fractionatidn of molasses colourants:

=
3

Amber11te XAD - 2

Cat. No. # 40820

An adsorbent, unspec1f1¢ adsorbent based oh
po]ystyrene high porosity ‘is atta1ned by a

. structure formed from an agglomérate of a 1arge

number of small po]ystyrene beads, supp11ed in

beade form,
Prédtica] grade

16 - 50

'Il

Mesh size

Pore ‘size ’9 nm' ‘
Speé%fﬁcaarea = 330‘m2/g. -

Terochem Laboratories Ltd.,
Edmonton,

'vAlta.

. ybsephadeer»~'25 3

Cat. Mo. # 17 - 0034 - 01 ;
"1£oarse size, part1c1e size 100 - 300 W

,Po]ydex;ran beads, ﬁract1onat1on range = 100 - SOQO,

Daltons -

Water rega1n (g/g dry ge]) ‘i,O.Z .

Approx1mate swe111ng t1me = 6 hr at room. temperature

fPharmac1a Canada Ltd

Dorval,

. P. Q. HOP IHE
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